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A    CONSIDERATION    OF    THE    RELATIVE    TOXICITY    OF 
URANIUM  NITRATE  FOR  ANIMALS  OF  DIFFERENT 

AGES.     L* 

By  WILLIAM  deB.  MacNIDER,  M.D. 

{From  the  Laboratory  of  Pharmacology  of  tfte  University  of  North  Carolina, 

Chapel  Hill) 

Plates  1  and  2. 

(Received  for  publication,  January  31,  1917.) 

The  various  ways  in  which  the  age  of  an  organism  expresses  itself 
has  received  little  consideration  in  the  interpretation  of  many  reac- 
tions that  occur  naturally  and  that  are  induced  experimentally. 
The  toxic  effect  of  a  substance  experimentally  introduced  into  an 
organism  is  usually  interpreted  either  morphologically,  by  certain 
cell  changes,  or  by  some  alteration  in  the  functional  capacity  of  an 
organ  or  a  certain  group  of  organs. 

In  a  preliminary  note^  the  observation  was  recorded  that  animals  of  different 
ages  showed  a  variation  in  their  response  to  the  toxic  effect  of  uranium  nitrate 
when  the  poison  was  given  subcutaneously  in  a  constant  quantity  per  kilo  of 
body  weight.  The  younger  animals  not  only  withstood  the  toxic  effect  of  ura- 
nium for  a  longer  period  without  developing  an  albuminuria  and  a  glycosuria,  but 
when  these  animals  finally  became  both  albuminuric  and  glycosuric,  the  quanti- 
tative output  of  these  substances  was  much  less  in  the  younger  than  in  the  older 
animals. 

In  a  more  recent  paper^  the  observation  referred  to  has  been  confirmed  in  a 
second  series  of  animals.  A  further  observation  has  been  made,  that,  judging 
by  the  time  of  appearance  and  the  amount  of  acetone  which  occurred  in  the  urine, 

*  Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 

1  MacNider,  W.  deB.,  On  the  difference  in  the  response  of  animals  of  dif- 
ferent ages  to  a  constant  quantity  of  uranium  m'trate,  Proc.  Soc.  Exp.  Biol,  and 
Med.,  1913-14,  xi,  159. 

-  MacNider,  The  mhibition  of  the  toxicity  of  uranium  nitrate  by  sodium 
carbonate,  and  the  protection  of  the  kidney  acutely  nephropathic  from  uranium 
from  the  toxic  action  of  an  anesthetic  by  sodium  carbonate,  J.  Exp.  Med.,  1916, 
xxiii,  171. 
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the  older  animals  gave  evidence  of  developing  an  acid  intoxication  much  earlier 
than  did  the  younger  ones.  In  this  paper  it  was  also  shown  that  a  solution  of 
sodium  carbonate  given  intravenously  would  protect  the  kidney  of  an  animal 
against  the  toxic  effect  of  uranium,  and  that  it  was  also  possible  to  protect  the 
kidney  of  a  young  animal  acutely  nephropathic  from  uranium  against  the  toxic 
effect  of  an  anesthetic  by  the  use  of  a  solution  of  sodium  carbonate.  The  ability 
to  furnish  such  a  protection  decreased  as  the  age  of  the  animal  increased. 

It  is  important  to  ascertain  in  a  more  detailed  manner  the  M^ay  in 
which  animals  of  different  ages  express  their  variation  to  the  toxic 
effect  of  uranium.  The  present  investigation  is  therefore  primarily- 
concerned  w^ith  a  study  of  acute  uranium  intoxications  in  animals  of 
different  ages  as  indicated  by  a  disturbance  in  the  metaboHsm  of  the 
animals,  the  severity  of  w^hich  shows  a  parallel  with  the  age  of  the 
animal.  During  the  course  of  such  intoxications  the  animals  become 
nephropathic.  In  these  animals  the  kidney  has  been  selected  as  an 
organ  in  which  to  study  the  functional  and  morphological  variations 
which  develop  during  the  intoxication.  The  severity  of  these  changes 
will  be  studied  in  relation  to  the  age  of  the  animal. 

EXPERIMENTAL. 

Dogs  were  employed  in  the  experiments.  The  animals  varied  in 
age  from  pups  of  8  months  to  dogs  8  years  of  age.  The  younger 
animals  were  raised  in  the  laboratory  kennels,  while  the  older  ani- 
mals were  obtained  from  people  in  the  surrounding  country  who  had 
raised  the  dogs  and  could  vouch  for  their  age  within  a  few  months. 

The  animals  were  placed  in  metabolism  cages  and  given  a  liberal 
amount  of  bread  with  which  was  cooked  a  small  amount  of  meat. 
The  animals  received  500  cc.  of  water  daily  by  stomach  tube.  After  a 
period  of  3  days,  which  was  allowed  for  normal  observations,  and  dur- 
ing which  time  animals  with  a  naturally  acquired  nephropathy  or 
with  glucose  or  acetone  bodies  in  the  urine  could  be  excluded,  the 
animals  were  given  subcutaneously  on  2  successive  days  5  mg.  of 
uranium  nitrate  per  kilo  of  body  weight.  In  all  the  animals  the 
uranium  intoxication  was  allowed  to  persist  for  48  hours.  At  the 
end  of  this  period  the  animals  were  either  killed  and  autopsied,  or 
the  nephropathic  animals  were  anesthetized  and  employed  for  cer- 
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tain  functional  studies  which  will  be  reported  in  Part  II  of  this  inves- 
tigation. 

The  relative  toxicity  of  uranium  for  these  animals  has  been  inves- 
tigated by  a  study  of  the  hydrogen  ion  content  and  alkali  reserve 
of  the  blood,  the  tension  of  alveolar  air  carbon  dioxide,  and  by  the 
time  of  appearance  and  quantitative  output  of  acetone  and  diacetic 
acid  in  the  urine.  The  functional  capacity  of  the  kidney  was  ascer- 
tained by  a  study,  at  different  periods  during  the  intoxication,  of 
the  time  of  appearance  and  total  output  of  phenolsulfonephthalein 
in  the  urine  and  by  a  study  of  the  urea  content  of  the  blood. 

The  hydrogen  ion  determinations  have  been  made  by  the  indicator 
method  recently  devised  by  Levy,  Rowntree,  and  Marriott.^  The 
alkali  reserve  of  the  blood  and  the  determinations  of  alveolar  air 
carbon  dioxide  have  been  made  by  the  methods  of  Marriott.*-  ^ 
The  quantitative  determinations  of  acetone  and  diacetic  acid  in  the 
urine  have  been  made  by  Folin's^  method  as  modified  by  Hart.^ 
The  output  of  diacetic  acid  is  expressed  in  terms  of  acetone.  The 
blood  urea  determinations  have  been  made  by  the  method  of  Mar- 
shall,^ following  the  modification  suggested  by  Van  Slyke  and  Cullen.^ 
The  phenolsulfonephthalein  test  for  kidney  function  was  conducted 
according  to  the  method  outlined  by  Rowntree  and  Geraghty.^" 

'Levy,  R.  L.,  Rowntree,  L.  G.,  and  Marriott,  W.  McK.,  A  simplified  method 
for  determining  variations  in  the  hydrogen  ion  content  of  the  blood,  Arch.  Int. 
Med.,  1915,  xvi,  389. 

■*  Marriott,  W.  McK.,  A  method  for  the  determination  of  the  alkaU  reserve  of 
the  blood  plasma.  Arch.  Int.  Med.,  1916,  xvii,  840. 

^  Marriott,  The  determination  of  alveolar  carbon  dioxide  tension  by  a  simple 
method,  /.  Am.  Med.  Assn.,  1916,  Ixvi,  1594. 

^  Folin,  0.,  On  the  separate  determination  of  acetone  and  diacetic  acid  in 
diabetic  urines,  /.  Biol.  Chem.,  1907,  iii,  177. 

^  Hart,  T.  S.,  On  the  quantitative  determination  of  acetone  in  the  urine, 
/.  Biol.  Chem.,  1908,  iv,  477. 

^  Marshall,  E.  K.,  Jr.,  A  rapid  clinical  method  for  the  estimation  of  urea  in 
urine,  /.  Biol.  Chem.,  1913,  xiv,  283. 

*  Van  Slyke,  D.  D.,  and  Cullen,  G  E.,  A  permanent  preparation  of  urease, 
and  its  use  in  the  determination  of  urea,  /.  Biol.  Chem.,  1914,  xix,  211. 

1"  Rowntree,  L.  G.,  and  Geraghty,  J.  T.,  An  experimental  and  clinical  study 
of  the  functional  activity  of  the  kidneys  by  means  of  phenolsulphonephthalein, 
/.  Pharm.  and  Exp.  Therap.,  1909-10,  i,  579.  , 
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0 

7.4 

7.9 

36 

11 

8 

5 

645 

10 

17 

0.016 

2.6109 

3.4812 

7.4 

7.9 

37 

12 

8+ 

5 

520 

0.015 

2 . 6592 

2.7.S59 

7.25 

7.9 

34 
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TABLE  III. 


Nephropathic  Animals  after  48  Hours. 

o. 

Age. 

_6 

Is 

■o 

B 
C  in 

5-^ 

Sulfonephthalein. 

ci 

3 
O 

a 

Is 

n 

'5 

Sac 

IS 

3  a 

o- 

li 

u 

yrs. 

mg. 

cc. 

min. 

/>er  ce»/ 

per  cent 

mg. 

m«. 

mm. 

1 

8mos. 

5 

769 

5 

20 

0.012 

2.9493 

2.2756 

7.4 

8.0 

37 

2 

8    " 

5 

509 

7 

18 

0.012 

1.3054 

4.0614 

7.4 

8.0 

35 

3 

1 

5 

660 

0.020 

3.8680 

2.3208 

7.4 

8.0 

35 

4 

1 

5 

960 

11 

21 

0.020 

2.3691 

4.3015 

7.35 

8.0 

39 

5 

2 

5 

630 

0.020 

2.8043 

4.1099 

7.35 

7.9 

30 

6 

3+ 

5 

670 

10 

24 

0.020 

1.4010 

4.2064 

7.35 

7.9 

35 

7 

3+ 

5 

762 

21 

4 

0.042 

2.3045 

4.1092 

7.3 

7.85 

31 

8 

4+ 

5 

595 

0.026 

3.7862 

4.6416 

7.3 

7.85 

32 

9 

5+ 

5 

465 

20 

8 

0.022 

3.3845 

9.6700 

7.4 

7.9 

35 

10 

5+ 

5 

520 

0.022 

0.3703 

2.2241 

7.3 

7.85 

34 

11 

8 

5 

640 

20 

4 

0.030 

4.9800 

2.2241 

7.25 

7.85 

34 

12 

8+ 

5 

430 

0.030 

2.6592 

7.3975 

7.2 

7.8 

30 

Tables  I,  II,  and  III  give  the  normal  findings  in  these  animals  of 
different  ages  for  1  normal  day  and  for  the  2  subsequent  days  of  the 
uranium  intoxication.  The  tables  show  the  results  obtained  in  twelve 
of  the  animals  which  have  been  selected  according  to  their  age  as 
representative  of  the  total  number  of  animals  employed  in  the  ex- 
periments. 


Observations  on  Normal  Animals  of  Different  Ages. 

All  the  animals  during  the  period  of  3  days  allowed  for  normal 
observations  were  freely  diuretic.  The  total  output  of  urine  for  the 
last  day  of  observation  varied  in  the  respective  animals  from  a  min- 
imum of  430  cc.  to  a  maximum  output  of  960  cc.  The  urine  was 
free  from  albumin,  acetone  bodies,  and  glucose,  and  did  not  contain 
casts. 

Table  I  shows  that  in  conducting  the  sulfonephthalein  test  for 
kidney  function,  the  appearance  of  the  dye  in  the  urine  varied  slightly 
in  the  different  animals.  The  earhest  appearance  was  4  minutes 
following  the  injection,  while  in  one  animal  the  appearance  of  the 
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dye  was  delayed  for  8  minutes.  The  total  output  of  the  dye  in  a  2 
hour  period  varied  between  a  minimum  of  66  per  cent  to  a  maximum 
output  of  73  per  cent.  These  variations  have  apparently  no  con- 
nection with  the  age  of  the  animal.  The  highest  output  of  the  dye 
in  this  series  of  animals  occurred  in  an  animal  8  years  old  (Experi- 
ment 11,  Table  I). 

The  percentage  of  blood  urea  has  been  very  constant  for  animals 
of  all  ages.  In  the  normal  dog  the  urea  content  per  100  cc.  of  blood 
has  varied  between  0.012  to  0.020  per  cent. 

The  hydrogen  ion  determinations  have  been  made  from  the  oxa- 
latcd  whole  blood.  In  such  determinations  the  hydrogen  ion  concen- 
tration expresses  both  the  volatile  and  non- volatile  acid  content  of 
the  blood.  Recently  Marriott^  has  shown  that  frequently  such  read- 
ings are  misleading,  and  that  a  more  accurate  conception  of  the 
changes  in  the  hydrogen  ion  concentration  of  the  blood  may  be  ob- 
tained by  removing  the  carbon  dioxide  from  the  dialysate,  in  this  way 
obtaining  a  reading  which  represents  any  change  in  hydrogen  ion 
concentration  which  may  be  due  to  non-volatile  acids.  Marriott 
refers  to  such  a  reading  as  the  reserve  alkali  content  of  the  blood 
(R.PJ. 

In  the  normal  animals  of  all  ages  the  hydrogen  ion  concentration 
of  the  whole  blood  (Ph)  has  varied  between  7.3  to  7.45,  while  the 
alkah  reserve  of  the  blood  (R.  Ph)  has  varied  between  8.0  to  8.1. 

The  determinations  of  the  tension  of  alveolar  air  carbon  dioxide 
have  shown  a  variation  within  the  limits  of  normality,  37  to  44  mm. 
The  Marriott  method  for  such  determinations  was  employed  in  sev- 
enty-one dogs  and  has  given  remarkably  constant  results. 

From  the  observations  which  have  been  made  on  the  normal 
animals  we  may  conclude  that  the  animals  of  different  ages  show  no 
appreciable  difference  in  their  ability  to  eliminate  sulfonephthalein, 
that  the  blood  urea  content  in  these  animals  is  very  constant,  and  that 
the  animals  even  though  varying  much  in  age  show  naturally  no  ten- 
dency towards  an  acid  intoxication. 


WILLIAM  DEB.   MacNIDER  7 

Observations  on  Animals  of  Different  Ages  Intoxicated  by  Uranium 

Nitrate. 

In  the  following  study  of  the  relative  toxicity  of  uranium,  it  first 
became  necessary  to  ascertain  whether  the  weight  of  the  animal,  and 
therefore  the  total  amount  of  the  poison  introduced,  had  any  effect 
in  determining  the  toxicity  of  the  substance.  By  referring  to  Tables 
II  and  III  it  will  be  seen  that  this  factor  apparently  does  not  influ- 
ence the  toxic  response  on  the  part  of  the  animals.  For  instance 
the  pup  of  Experiment  1,  with  a  weight  of  15.9  kilos,  showed  a  de- 
layed and  slight  toxic  effect  from  uranium,  while  the  anmial  of  Ex- 
periment 12,  8  years  old,  and  with  a  weight  of  only  8.53  kilos,  showed 
clearly  the  toxic  action  of  uranium  during  the  first  24  hours  following 
the  initial  injection,  and  by  the  end  of  the  second  24  hour  period  was 
severely  intoxicated.  This  type  of  observation  has  remained  con- 
stant in  all  the  animals  employed  in  this  study. 

Following  the  first  injection  of  uranium  all  the  animals  remained 
freely  diuretic.  In  several  of  the  animals  (Experiments  6,  9,  and 
10)  the  output  of  urine  was  greatly  increased. 

A  study  of  the  sulfonephthalein  output  by  the  animals  of  different 
ages  shows  the  following  variations:  There  is  only  a  sHght  change  in 
the  time  of  the  appearance  of  the  dye  in  the  urine  as  compared  with 
the  normal  animals.  The  delay  in  the  time  of  appearance  has  been 
most  marked  in  the  older  animals,  while  in  the  youngest  animals  the 
time  of  appearance  has  either  been  increased  over  the  normal  or 
remained  unchanged. 

In  the  animals  of  all  ages  the  total  elimination  of  sulfonephthalein 
in  a  2  hour  period  is  reduced.  The  reduction  is  sUght  in  the  young 
animals  and  marked  in  the  old  animals.  In  Experiment  1,  a  pup  8 
months  old,  the  total  output  of  the  dye  was  only  reduced  from  the 
normal  of  68  to  64  per  cent.  In  Experiment  11,  an  animal  8  years 
old,  a  reduction  occurred  from  the  normal  of  73  to  17  per  cent. 

Following  the  second  injection  of  uranium  there  is  a  continuation 
of  the  relatively  greater  toxic  effect  of  this  poison  for  the  kidneys  of 
the  older  animals.  The  youngest  animals  which  have  been  recorded 
in  Tables  II  and  III  were  8  months  old  and  from  the  same  Utter. 
These  animals  at  the  end  of  the  48  hour  period  of  intoxication  by 
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uranium  had  a  sulfonephthalcin  output  of  20  and  18  per  cent  respec- 
tively. The  two  oldest  animals  in  which  sulfonephthalcin  determi- 
nations were  made  show  an  output  of  the  dye  of  8  and  4  per  cent. 

The  toxic  effect  of  uranium  for  the  kidney  as  shown  by  the  reduc- 
tion in  the  output  of  sulfonephthalcin  increases  with  the  age  of  the 
animals. 

The  determinations  of  blood  urea  in  the  pathological  as  compared 
with  the  normal  animals  enable  observations  to  be  made  concerning 
the  degree  of  urea  retention  in  the  animals  of  different  ages  and  also 
permit  a  study  of  the  relation  between  the  output  of  sulfone- 
phthalcin by  the  kidney  and  the  amount  of  urea  retained. 

Following  the  first  injection  of  uranium  the  percentage  of  blood 
urea  remained  practically  constant  in  all  the  animals.  There  was 
no  evidence  of  a  retention  of  urea  even  though  the  output  of  sulfone- 
phthalcin had  been  greatly  reduced.  In  Experiment  7,  Table  II, 
the  sulfonephthalcin  output  was  reduced  to  51  per  cent  while  the 
percentage  of  blood  urea  remained  constant.  In  Experiment  11, 
the  sulfonephthalcin  output  was  reduced  following  the  first  injec- 
tion of  uranium  from  73  to  17  per  cent.  The  percentage  of  blood 
urea  was  uninfluenced  by  this  degree  of  kidney  injury  and  remained 
at  the  normal  reading  of  0.016  per  cent. 

Following  the  second  injection  of  uranium  a  retention  of  blood 
urea  was  found  to  occur  in  all  the  animals  over  8  months  old.  The 
animals  which  show  the  greatest  reduction  in  the  output  of  sulfone- 
phthalcin also  show  the  highest  retention  of  blood  urea.  The  tables 
of  experiments  furthermore  show  that  the  decrease  in  the  functional 
capacity  of  the  kidney  as  indicated  by  a  retention  of  blood  urea  in- 
creases with  the  age  of  the  animal. 

From  these  observations  it  would  appear  that  as  compared  with 
the  sulfonephthalcin  test  for  kidney  function,  the  retention  of  blood 
urea  is  a  much  later  manifestation  of  kidney  inefficiency.  When, 
however,  the  kidney  shows  serious  impairment  of  function  as  indi- 
cated by  the  sulfonephthalcin  test,  there  occurs  a  retention  of  blood 
urea  which  shows  a  parallel  with  this  test  for  renal  function. 

The  degree  to  which  the  kidney  may  be  impaired  and  yet  show  no 
evidence  of  a  retention  of  blood  urea  is  illustrated  by  the  first  two 
experiments  of  Table  III.     The  output  of  sulfonephthalcin  by  these 
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two  young  animals  was  20  and  18  per  cent,  respectively,  and  yet  the 
percentage  of  blood  urea  showed  no  variation  from  the  normal. 

In  a  previous  paper^  on  uranium  intoxications  in  animals  of  dif- 
ferent age  it  was  shown  that  the  time  of  the  appearance  of  acetone 
bodies  in  the  urine  and  the  relative  amount  of  these  bodies  increased 
with  the  age  of  the  animal.  This  observation  was  interpreted  as 
indicating  the  development  of  an  acid  intoxication,  and  further- 
more to  furnish  ground  for  the  belief  that  such  an  intoxication  was 
more  readily  induced  by  uranium  in  an  old  animal  than  in  a  young 
animal.  This  interpretation  was  strengthened  by  a  series  of  experi- 
ments in  which  it  was  found  possible  to  protect  an  animal  against 
the  toxic  effect  of  uranium  by  the  use  of  an  alkaline  solution  intra- 
venously. The  degree  of  protection  conferred  by  such  injections 
was  largely  dependent  upon  the  age  of  the  animal.  Young  animals 
were  more  readily  protected  than  were  old  animals. 

Rowland  and  Marriott^^  have  recently  called  attention  to  the  fact 
that  the  presence  of  acetone  bodies  in  the  urine  is  in  itself  insufficient 
evidence  of  a  tissue  acidosis.  It  is  furthermore  well  known  that  in 
conditions  of  tissue  acidosis  the  output  of  these  bodies  in  the  urine 
may  be  reduced  as  a  result  of  a  decrease  in  the  functional  capacity 
of  the  kidney.  It  has  therefore  seemed  advisable  in  this  series  of 
animals  to  ascertain  whether  there  was  any  evidence  of  an  acid  in- 
toxication other  than  that  shown  by  the  appearance  of  acetone 
bodies  in  the  urine.  With  this  object  in  view  determinations  of  the 
hydrogen  ion  content  of  the  blood,  the  alkali  reserve  of  the  blood, 
and  the  carbon  dioxide  tension  of  alveolar  air  have  been  made  to 
determine  first,  if  by  these  methods  any  evidence  can  be  obtained 
of  a  tissue  acidosis,  second,  if  the  degree  of  acid  intoxication  shows 
any  parallel  with  the  quantitative  output  of  acetone  bodies  in  the 
urine,  and,  finally,  if  the  degree  of  intoxication  as  indicated  by  these, 
different  methods  shows  any  variation  with  the  age  of  the  animal. 

Reference  to  Table  II  shows  that  following  the  first  injection  of 
uranium  none  of  the  animals  under  8  years  of  age  had  a  urine  which 
contained  acetone  or  diacetic  acid.     However,  the  two  oldest  ani- 

^^Howland,  J.,  and  Marriott,  W.  McK.,  A  discussion  of  acidosis.  With 
special  reference  to  that  occurring  in  diseases  of  children,  Bull.  Johns  Hopkins 
Hasp.,  1916,  xxvii,  63. 
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mals  of  the  series,  Experiments  11  and  12,  one  8  years  old  and  the 
other  8  years  and  a  few  months  old,  showed  both  acetone  and 
diacetic  acid  in  the  urine  at  this  early  period  of  the  uranium  intoxi- 
cation. By  referring  to  Table  II  it  will  also  be  observed  that  the 
appearance  of  acetone  and  diacetic  acid  in  the  urine  of  the  two  oldest 
animals  coincides  with  the  development  of  other  indications  of  an 
acid  intoxication.  These  animals  also  show  an  increase  in  the  hydro- 
gen ion  concentration  of  the  blood,  a  reduction  in  the  alkali  reserve 
of  the  blood,  and  a  decrease  in  the  tension  of  alveolar  air  carbon 
dioxide. 

A  study  of  the  animals  of  Experiments  8,  9,  and  10,  which  have 
varied  in  ages  between  4|  and  5  years  and  2  months,  shows  that  an 
acid  intoxication  may  exist  without  the  appearance  of  acetone  bodies 
in  the  urine.  All  these  animals  had  a  urine  which  was  free  from  both 
acetone  and  diacetic  acid  and  yet  all  three  of  the  animals  gave  other 
evidence  of  a  beginning  acid  intoxication.  It  would  therefore  seem 
that  the  appearance  of  acetone  and  diacetic  acid  in  the  urine  may 
indicate  a  beginning  acid  intoxication  from  uranium.  On  the  other 
hand,  the  absence  of  these  bodies  from  the  urine  does  not  exclude  a 
tissue  acidosis,  for  when  other  tests  are  employed  such  a  state  may 
be  found  to  exist. 

During  the  second  24  hours  of  the  uranium  intoxication  the  ani- 
mals of  all  ages  showed  the  presence  of  acetone  and  diacetic  acid  in 
the  urine.  In  so  far  as  the  development  of  an  acid  intoxication  can 
be  determined  by  the  presence  of  these  substances  in  the  urine,  at 
this  stage  of  the  intoxication  the  tendency  of  the  animals  to  develop 
an  acidosis  has  extended  so  as  to  include  not  only  the  old  animals 
but  the  animals  of  all  ages. 

The  quantitative  output  of  acetone  and  diacetic  acid  shows  no 
constant  increase  with  the  increasing  age  of  the  animal.  In  general 
the  combined  acetone  and  diacetic  acid  output  is  greater  in  an  old 
animal  than  in  a  young  animal,  but  throughout  the  series  of  experi- 
ments numerous  instances  have  been  observed  in  which  there  is  no 
true  correlation  between  the  age  of  the  animal  and  the  acetone  and 
diacetic  acid  content  of  the  urine.  For  example,  in  Experiment  2, 
Table  III,  in  a  pup  8  months  old,  the  urine,  following  the  second 
injection  of  uranium,  contained  1.3054  mg.  of  acetone  and  4.0614 
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mg.  of  diacetic  acid  in  terms  of  acetone  per  100  cc.  of  urine.  In 
Experiment  10,  in  an  animal  5  years  and  2  months  old,  the  output 
of  acetone  was  only  0.3703  mg.  per  100  cc.  of  urme,  and  the  output 
of  diacetic  acid  which  was  2.2241  mg.  per  100  cc.  was  but  slightly  over 
half  the  quantity  found  in  the  urine  of  the  young  animal. 

A  study  of  the  relation  between  the  quantitative  output  of  acetone 
bodies  in  the  urine  and  the  changes  in  blood  and  alveolar  air  shows 
that  when  these  bodies  appear  in  the  urine  changes  also  occur  in  the 
blood  and  alveolar  air  indicative  of  a  beginning  acid  intoxication. 

The  experiments  also  show  that  at  this  stage  of  the  intoxication 
there  is  no  correlation  between  the  total  output  of  acetone  bodies 
and  the  other  indications  of  the  development  of  a  tissue  acidosis. 
For  instance,  in  the  animal  of  Experiment  10,  at  the  end  of  the 
uranium  intoxication  the  hydrogen  ion  content  of  the  blood  had  been 
increased  to  7.3,  the  alkaH  reserve  of  the  blood  was  reduced  to  7.85, 
and  the  tension  of  carbon  dioxide  in  alveolar  air  gave  a  reading  of 
34  mm.  The  urine,  however,  showed  a  remarkably  low  output  of 
both  acetone  and  diacetic  acid,  acetone  0.3703  mg.  and  diacetic  acid 
2.2241  mg.  per  100  cc.  of  urine. 

From  this  review  of  the  output  of  acetone  and  diacetic  acid  by 
animals  of  different  ages  intoxicated  by  uranium,  the  following  con- 
clusions may  be  drawn.  The  oldest  animals  show  the  toxic  effect 
from  uranium  by  the  appearance  of  these  bodies  in  the  urine  24  hours 
before  they  appear  in  the  urine  of  the  younger  animals.  When  ani- 
mals of  any  age  show  the  presence  of  these  substances  in  the  urine, 
they  also  show  other  evidence  of  a  beginning  acid  intoxication. 

The  acid  intoxication  which  develops  from  uranium  cannot  be  solely 
ascribed  to  the  formation  of  acetone  bodies.  These  substances  may 
fail  to  appear  in  the  urine  when  there  is  other  evidence  of  a  begin- 
ning acid  intoxication,  and  when  as  shown  by  the  sulfonephthalein 
test  the  kidney  has  not  become  functionally  inactive  to  such  a  de- 
gree as  to  cause  a  retention  of  these  bodies.  We  must  therefore  con- 
clude that  the  acid  intoxication  which  develops  from  uranium  is  cer- 
tainly dependent  in  part  upon  the  formation  or  retention  of  acids 
other  than  those  of  the  acetone  series.  Finally,  it  has  been  shown 
that  the  quantitative  output  of  acetone  and  diacetic  acid  bears  no 
constant  relation  to  the  age  of  the  animal,  and  also  that  there  is  no 
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definite  correlation  between  the  quantitative  output  of  acetone  bodies 
and  the  degree  of  acid  intoxication  which  may  be  demonstrated  by 
other  tests  which  have  been  employed  for  this  purpose. 

The  variation  in  the  toxicity  of  uranium  for  animals  of  different 
ages  is  more  clearly  expressed  in  changes  in  the  acid-base  equihbrium 
of  the  blood  than  by  any  other  response  which  has  been  induced 
during  the  course  of  the  intoxication. 

Reference  to  Table  II  shows  that  following  the  first  injection  of 
uranium  the  aninials  under  4  years  of  age  maintain  a  hydrogen  ion 
content  of  the  blood  which  varies  only  slightly  from  the  normal. 
None  of  these  animals  have  shown  any  change  in  the  alkali  reserve 
of  the  blood.  In  contrast  with  this  indication  of  stability  on  the 
part  of  the  animals  under  4  years  of  age,  all  the  animals  over  4  years 
old  have  not  only  shown  an  increase  in  the  hydrogen  ion  content  of 
the  blood  but  the  alkali  reserve  of  the  blood  has  constantly  shown  a 
depletion.  In  these  older  animals  in  which  the  alkali  reserve  has 
been  reduced,  the  tension  of  carbon  dioxide  in  alveolar  air  has  varied 
between  37  to  34  mm.  In  the  younger  animals  in  which  the  alkali 
reserve  has  remained  unaffected  the  tension  of  carbon  dioxide  has 
varied  between  43  and  35  mm. 

The  relative  degree  of  acid  intoxication  induced  in  the  animals 
of  different  ages  is  even  more  clearly  shown  following  the  second 
injection  of  uranium.  By  this  stage  of  the  intoxication,  all  the  ani- 
mals over  1  year  of  age  not  only  show  an  increase  in  the  hydrogen 
ion  content  of  the  blood,  but  the  alkali  reserve  of  the  blood  has  been 
severely  drawn  upon.  The  younger  animals,  those  under  1  year  of 
age,  have  either  shown  no  change  in  the  hydrogen  ion  content  of  the 
blood,  or  in  the  few  experiments  in  which  these  readings  have  varied, 
the  hydrogen  ion  content  has  not  been  increased  above  7.4,  a  point 
which  may  be  considered  within  the  limit  of  normal  variations.  In 
these  younger  animals  the  alkali  reserve  of  the  blood  has  either  re- 
mained unaffected,  or  it  has  not  been  reduced  below  8.0. 

A  study  of  Tables  II  and  III  not  only  indicates  the  differences  in 
the  hydrogen  ion  content  and  alkali  reserve  of  the  blood,  which,  as  has 
been  pointed  out,  exist  between  the  animals  of  two  age  limits,  those 
under  1  year  of  age  and  those  over  1  year  of  age,  but  it  also  serves 
to  demonstrate  that  as  the  animal  increases  in  age  there  is  a  pro- 
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gressive  increase  in  the  degree  of  acidosis.  For  instance,  at  the  end 
of  the  2nd  day  of  the  uranium  intoxication  the  animal  of  Experiment 
6,  3  years  and  2  months  old,  had  a  hydrogen  ion  concentration  of 
7.35  and  an  alkaU  reserve  of  7.9,  while  the  animal  of  Experiment  12, 
8  years  old,  had  a  hydrogen  ion  content  of  7.2  and  an  alkali  reserve 
of  7.8. 

The  determinations  of  carbon  dioxide  tension  in  alveolar  air  of 
the  animals  of  different  ages  at  the  end  of  the  2nd  day  of  the  uranium 
intoxication  show  that  the  older  animals  that  have  developed  a  re- 
duction in  the  alkali  reserve  of  the  blood  have  an  alveolar  air  car- 
bon dioxide  tension  which  varies  between  35  to  30  mm.  The  younger 
animals  in  which  no  change  has  taken  place  in  the  alkah  reserve,  or 
in  which  the  alkali  reserve  has  not  been  reduced  below  8.0,  show  a 
tension  of  carbon  dioxide  which  varies  between  39  to  35  mm. 

From  the  observations  the  conclusion  appears  clear  that  one  of  the 
constant  manifestations  of  the  toxic  effect  of  uranium  is  the  develop- 
ment of  an  acid  intoxication,  and  that  the  severity  of  this  intoxica- 
tion is  associated  with  the  age  of  the  animal.  The  older  animals 
develop  a  severer  intoxication  than  do  the  younger  animals. 

TJie  Pathology  of  the  Kidney  in  Animals  of  Different  Ages  Intoxicated 

by  Uranium. 

At  the  end  of  the  2nd  day  of  the  uranium  intoxication,  twelve 
of  the  animals  which  have  been  employed  in  the  experiments  were 
killed  and  kidney  tissue  was  at  once  fixed  in  10  per  cent  formalin, 
Zenker's  fluid,  and  in  mercuric  chloride-acetic  acid  to  be  used  in 
the  histological  study.  The  animals  from  which  tissue  was  obtained 
varied  in  age  between  8  months,  and  7  years  and  4  months. 

In  the  foregoing  discussion  of  the  relative  toxicity  of  uranium  in 
animals  of  different  ages  it  has  been  shown  that  the  toxicity  of  ura- 
nium increases  with  the  age  of  the  animal,  and  furthermore  that  the 
degree  of  toxicity  of  this  substance  is  associated  with  the  severity 
of  the  acid  intoxication  which  develops  in  these  animals.  The  fol- 
lowing histological  study  has  been  undertaken  with  the  object  of 
ascertaining  whether  there  is  any  pathological  difference  in  the  kid- 
neys of  animals  which  have  shown  very  mild  grades  as  contrasted 
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with  severe  grades  of  acid  intoxication.  The  functional  tests  that 
have  been  employed  have  shown  a  correlation  between  the  degree  of 
acid  intoxication  and  the  ability  of  the  kidney  to  eliminate  sulfone- 
phthalein  and  urea. 

In  the  histological  study  it  has  not  been  found  possible  to  differ- 
entiate between  kidneys  which  were  obtained  from  animals  near  the 
same  age.  In  kidneys  which  were  obtained  from  animals  that  varied 
3  years  or  more  in  age  there  has  been  found  such  a  difference  in  the 
pathological  response  of  the  organs  as  to  permit  a  classification  of 
the  kidneys  into  two  groups.  The  first  group  is  represented  by 
kidneys  of  animals  not  over  1  year  of  age  and  the  second  group  by 
kidneys  of  animals  that  were  over  3  years  of  age. 

The  kidneys  of  the  younger  animals  show  no  evidence  of  damage 
to  the  vascular  tissue.  The  glomerular  capillaries  are  usually  well 
filled  with  blood.  No  exudate  has  been  observed  in  the  subcapsular 
space  or  between  the  tubules.  The  connective  tissue  of  the  kidney 
has  not  been  edematous.  The  endothelial  nuclei  of  the  glomerular 
vessels  and  of  the  cells  lining  the  capsule  of  the  glomerulus  stain  nor- 
mally and  show  no  evidence  of  degeneration  or  of  proliferation. 

The  epithelium  of  the  tubules,  and  especially  of  the  convoluted 
tubules,  shows  a  definite  shrinkage.  The  lumen  of  the  tubules  is 
prominent  and  usually  free  from  albuminous  material.  The  nuclei 
of  these  cells  are  large  in  proportion  to  the  surrounding  cytoplasm 
and  stain  intensely  (Fig.  1). 

No  stainable  fat  has  been  observed  in  the  convoluted  tubules. 
In  frozen  sections  of  the  kidney  stained  for  fat  by  Herxheimer's  mod- 
ification of  the  Scharlach  R  stain,  there  has  been  found  in  the  ascend- 
ing and  descending  limb  of  Henle's  loop  a  very  small  amount  of  fat 
which  appears  as  dust-like  particles. 

The  pathology  of  the  kidney  of  the  older  group  of  animals  shows  a 
similarity  with  the  younger  group  in  that  no  demonstrable  changes 
have  taken  place  in  the  vascular  element  of  the  kidney.  The  epithe- 
Uum  of  the  tubules  shows  the  following  changes  which  serve  to  sepa- 
rate the  kidneys  of  the  animals  of  different  ages  into  the  two  groups. 

The  cells  of  the  convoluted  tubules  show  an  increase  in  volume 
which  is  variable.  In  some  of  the  animals  the  swelling  has  been 
marked,  while  in  other  animals  this  change  has  taken  place  to  a 
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much  less  extent.  Associated  with  the  swelling  of  the  cells  the  cyto- 
plasm becomes  distinctly  granular  and  occasionally  shows  vacuola- 
tion.  The  free  border  of  the  cells  appears  ragged.  The  nuclei  are 
decreased  in  size  and  stain  less  intensely  (Fig.  2). 

In  such  cells,  unless  the  animal  is  very  old,  no  stainable  fat  has 
been  demonstrated.  However,  in  the  loops  of  Henle  the  amount  of 
stainable  fat  has  greatly  increased  over  that  which  has  been  observed 
in  the  younger  group  of  animals.  The  fat  appears  as  large  droplets 
which  frequently  coalesce.  The  difference  in  the  amount  of  stain- 
able fat  in  the  kidneys  of  these  two  groups  of  animals  of  different 
ages  is  the  most  constant  and  striking  histological  variation. 

When  these  differences  in  the  pathology  of  the  kidney  are  compared 
with  the  variations  in  the  degree  of  acid  intoxication  and  the  altera- 
tions in  the  functional  capacity  of  the  kidney  that  are  shown  by  the 
two  groups  of  animals,  the  following  differences  are  found  to  exist. 

The  kidneys  of  the  younger  group  of  animals  in  which  the  epithe- 
lium is  histologically  well  preserved  except  for  the  appearance  of  a 
slight  amount  of  fat  in  the  tubules  of  Henle  show  only  slight  evidence 
of  a  beginning  tissue  acidosis  and  the  functional  capacity  of  the 
kidney  is  much  less  impaired  than  is  the  case  with  the  second  group 
of  older  animals. 

The  kidneys  of  the  older  animals  which  give  histological  e\'idence 
of  a  beginning  degeneration  of  the  convoluted  tubules  and  which 
have  shown  a  marked  accumulation  of  fat  in  the  tubules  of  Henle, 
show  a  much  severer  grade  of  acid  intoxication  than  the  younger 
animals,  and  also  show  that  the  functional  capacity  of  the  kidney 
has  been  severely  impaired. 

In  the  older  group  of  animals  there  is  an  association  between  the 
degree  of  epithelial  injury  and  the  amount  of  fat  in  the  kidney,  with 
the  severity  of  the  acid  intoxication,  and  the  extent  to  which  the  func- 
tional capacity  of  the  kidney  has  been  affected. 

As  a  result  of  this  observation  the  question  naturally  arises:  Does 
the  kidney  injury  develop  primarily,  and  the  tissue  acidosis  result 
from  a  retention  of  acid  bodies  which  the  kidney  is  unable  to  remove, 
or  is  the  kidney  injury  secondary  to,  and  dependent  upon  the  acid 
intoxication,  resulting  from  the  administration  of  uranium? 
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This  question  has  been  in  a  measure  answered  in  the  communica- 
tion^  previously  referred  to.  If  young  animals  that  are  being  intoxi- 
cated by  uranium  are  given  a  solution  of  sodium  carbonate  intrave- 
nously they  fail  to  develop  an  acid  intoxication  and  the  renal  epithelium 
either  shows  no  evidence  of  degeneration,  or  the  degenerative  changes 
are  slight  when  compared  with  the  epithelial  damage  which  occurs 
in  animals  unprotected  by  the  use  of  an  alkali. 

CONCLUSIONS. 

1.  The  toxic  effect  of  uranium  when  given  in  a  constant  quantity 
per  kilo  of  body  weight  is  variable.  This  variation  has  been  constantly 
associated  with  differences  in  the  age  of  the  animals.  Uranium  is 
more  toxic  for  an  old  animal  than  for  a  young  animal.  The  estab- 
Hshment  of  this  fact,  namely,  that  the  age  of  an  animal  may  modify 
the  toxicity  of  a  substance,  should  be  taken  into  account  in  estab- 
Ushing  by  animal  experiment  the  degree  of  activity  of  substances 
which  are  to  be  used  for  therapeutic  purposes. 

2.  The  toxic  effect  of  uranium  nitrate  is  constantly  associated  with 
its  ability  to  induce  a  tissue  acidosis.  A  severer  grade  of  acidosis 
is  induced  in  an  old  animal  from  uranium  than  is  induced  in  a  young 
animal. 

It  would  appear  that  in  the  response  of  dogs  of  different  ages  to 
uranium  the  animals  represent  a  reaction  system  to  this  substance 
which  shows  an  increasing  susceptibility  as  the  animal  advances 
from  youth  to  senihty. 

Insufficient  experimental  data  are  as  yet  available  to  allow  a  discus- 
sion of  the  mechanism  by  which  such  an  acid  intoxication  is  pro- 
duced. 

3.  The  toxic  effect  of  uranium  is  manifested  locally  by  certain  de- 
generative changes  in  the  kidney.  These  changes  are  more  marked 
in  the  kidney  of  an  old  animal  than  they  are  in  the  kidney  of  a  young 
animal. 

Associated  with  the  severer  kidney  changes  which  are  especially 
characterized  by  a  beginning  swelling  of  the  renal  epithelium  and  by 
an  accumulation  of  stainable  fat  in  these  cells  is  the  development 
of  a  severe  grade  of  tissue  acidosis. 
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4.  The  functional  capacity  of  the  kidney  shows  a  parallel  with 
the  degree  of  acid  intoxication  and  with  the  severity  of  the  histologi- 
cal changes  which  have  developed  in  the  renal  epithelium. 

EXPLANATION  OF  PLATES. 

Plate  1. 

Fig.  1.  Camera  lucida  drawing,  Leitz  oc.  1,  obj.  6.  The  figure  is  from  ihc  kid- 
ney of  the  young  dog  of  Experiment  3.  The  glomerular  vessels  arc  well  filled 
with  blood.  The  epithelium  of  the  convoluted  tubules,  a,  shows  a  distinct 
shrinkage;  the  nuclei  are  large  and  stain  intensely.  The  lumen  of  the  tubules 
is  prominent.  At  b  are  shown  tubules  in  which  the  epithelium  is  beginning  to 
show  an  early  swelling.     The  animal  gave  little  evidence  of  an  acid  intoxication. 

Plate  2. 

Fig.  2.  Camera  lucida  drawing,  Leitz  oc.  1,  obj.  6.  The  figure  is  from  the  old 
animal  of  Experiment  IL  The  glomerulus  shows  no  degenerative  changes. 
The  epithelium  of  the  convoluted  tubules,  a,  appears  granular,  stains  less  intensely 
than  the  epithelium  of  the  younger  animal  of  Fig.  1,  and  the  nuclei  are  small 
and  hypochromatic.  The  free  borders  of  the  cells  are  ragged.  At  b  are  shown 
tubules  in  which  the  cells  are  swollen.  At  c  the  epithelium  shows  vacuolation. 
The  animal  had  developed  a  severe  acid  intoxication. 
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Fig.  1. 


(MacNider:  Toxicity  of  uranium.     L) 
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Fig.  2. 


(MacNider:  Toxicity  of  uranium.     L) 


THE    EFFICIENCY    OF    VARIOUS    DIURETICS    IN    THE 

ACUTELY   NEPHROPATHIC   KIDNEY,  PROTECTED 

AND    UNPROTECTED    BY    SODIUM 

CARBONATE.     II.* 

By  WILLIAM  deB.  MacNIDER,  M.D. 

{From  the  Laboratory  of  Pharmacology  of  the  University  of  North  Carolina, 

Chapel  Hill.) 

Plates  3  to  6. 

(Received  for  publication,  January  31,  1917.) 

In  a  recent  paper'  it  was  shown  that  intravenous  injections  of  a  solution  of 
sodium  carbonate  inhibited  the  toxic  action  of  uranium  nitrate  for  the  kidney. 
It  was  furthermore  shown  in  this  paper  that  the  use  of  such  an  alkaline  solution 
would  protect  the  kidney  of  young  animals  acutely  nephropathic  from  uranium 
against  the  toxic  effect  of  an  anesthetic.  Animals  protected  in  such  a  manner 
formed  a  much  larger  quantity  of  urine  in  a  given  time  limit  than  did  animals  of 
the  same  age  which  had  received  the  same  amount  of  uranium  nitrate  per  kilo 
but  which  received  in  place  of  a  solution  of  carbonate  a  0.9  per  cent  solution  of 
sodium  chloride.  A  histological  study  of  the  kidneys  of  these  two  groups  of  ani- 
mals showed  that  the  animals  receiving  the  carbonate  protection  failed  to  de- 
velop severe  degenerative  changes  in  the  renal  epithelium,  while  those  animals 
which  were  not  protected  by  the  carbonate  had  a  renal  epithelium  which  was 
acutely  swollen  and  undergoing  necrosis.  In  these  experiments  no  information 
was  obtained  which  would  explain  the  cause  of  the  swelling  and  necrosis  of  the 
epithelium  or  the  relative  efl&ciency  of  an  alkaline  solution  to  furnish  a  protec- 
tion against  an  anesthetic  as  compared  with  the  efficiency  of  an  equal  volume  of  a 
solution  of  sodium  chloride. 

In  Part  I  of  the  present  study  I  have  been  able  to  show  by  induc- 
ing uranium  intoxications  in  animals  of  different  ages  that  the  severity 
of  the  uranium  intoxication  was  dependent  upon  the  degree  of  acid 

*  Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 
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intoxication  which  developed  in  the  different  animals,  and  further- 
more that  the  older  animals  developed  a  severer  acid  intoxication 
than  did  the  younger  animals. 

The  object  of  the  present  study  is  twofold:  first,  to  determine  the 
changes  in  the  acid-base  equilibrium  of  the  blood  induced  by  an 
anesthetic  in  normal  animals,  in  animals  acutely  nephropathic  from 
a  constant  quantity  of  uranium  per  kilo  and  protected  by  the  intra- 
venous use  of  an  alkah,  and  in  animals  nephropathic  from  the  same 
quantity  of  uranium  but  unprotected  by  an  alkali;  second,  in  such  a 
series  of  animals  to  study  the  efficiency  of  various  diuretics  and  the 
relative  severity  of  the  pathological  changes  which  have  taken  place 
in  the  kidney. 

EXPERIMENTAL. 

Forty-six  animals  were  used  in  this  series  of  experiments.  The 
animals  varied  in  age  from  pups  8  months  old  to  animals  11  years 
and  4  months  old.  Thirty  of  the  animals  that  were  employed  in 
these  experiments  were  used  in  Part  I  of  this  paper.  The  animals 
of  the  present  series  that  are  not  included  in  these  experiments  were 
subjected  to  an  experimental  technique  similar  to  that  previously 
described.  Ten  of  the  animals  were  normal  dogs  which  varied  in  age 
from  1  to  5  years.  These  animals  were  kept  in  metabolism  cages  for 
3  days  before  they  were  used  for  experimental  purposes,  were  fed 
on  bread  with  a  small  amount  of  meat,  and  were  given  500  cc.  of  water 
daily  by  stomach  tube.  The  remaining  thirty-six  nephropathic 
animals  were  given  the  same  diet  and  the  same  amount  of  water. 

Tables  I  and  II  furnish  an  outline  of  the  observations  which  have 
been  made  on  two  of  the  normal  animals  and  thirteen  of  the 
acutely  nephropathic  animals.  The  animals  have  been  selected 
according  to  their  age  in  order  to  show  the  influence  of  this 
factor  in  determining  the  toxicity  of  an  anesthetic  and  in  deter- 
mining the  ability  of  an  alkali  to  protect  the  nephropathic  kidney 
against  an  anesthetic.  In  the  experiments  on  nephropathic  ani- 
mals, two  dogs  were  used  in  each  experiment.  One  of  the  animals 
received  the  alkaline  solution,  while  the  other  animal  of  the  same 
age  received  an  equal  volume  of  sodium  chloride  solution  and  served 
as  a  control.     On  the  day  of  the  experiment,  prior  to  the  use  of  an 
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anesthetic,  the  hydrogen  ion  content  of  the  blood,  the  alkali  reserve 
of  the  blood,  and  the  tension  of  alveolar  air  carbon  dioxide  were  de- 
termined by  the  methods  previously  described.  The  nephropathic 
animals  were  then  given  intravenously  either  25  cc.  per  kilo  of  a  3 
per  cent  solution  of  sodium  carbonate  or  the  same  amount  of  a  solu- 
tion of  sodium  chloride  equimolecular  with  3  per  cent  sodium  car- 
bonate. The  normal  animals  were  not  given  either  of  these  solu- 
tions.    In  such  animals  it  was  possible  to  obtain  information  cover- 
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ing  the  natural  susceptibility  of  the  kidney  to  the  anesthetic.  All 
the  animals  were  anesthetized  by  Grehant's^  anesthetic  in  60  per  cent 
strength.  When  the  animals  had  become  completely  anesthetized 
the  abdomen  was  opened  and  cannulas  were  tied  into  both  ureters. 
The  flow  of  urine  was  recorded  in  drops  per  minute .  Half  an  hour  after 
giving  the  anesthetic  observations  were  made  on  the  acid-base 
equilibrium  of  the  blood  and  these  observations  were  repeated 
every  half  hour  during  the  experiment.  The  experiments  were 
terminated  at  the  end  of  1^  hours.  At  each  half  hour  period  during 
the  experiments  the  animals  were  given,  intravenously,  one  of  the 
following  diuretic  solutions,  a  record  being  made  of  the  relative 
efhciency  of  these  substances  in  the  different  groups  of  animals: 
theobromine,  1  per  cent,  1  cc.  per  kilo;  pituitrin  (Parke,  Davis  and 

*  The  animal  is  given  0.25  cc.  per  kilo  of  a  4  per  cent  solution  of  morphine. 
This  is  followed  in  half  an  hour  by  10  cc.  per  kilo  of  the  following  mixture:  chlo- 
roform, 50  cc;  alcohol  and  water,  each  500  cc. 
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Company),  0.5  cc.  regardless  of  weight;  urea  solution,  0.9  per  cent, 
in  0.9  per  cent  sodium  chloride,  10  cc.  per  kilo;  sodium  chloride, 
5  per  cent,  10  cc.  per  kilo. 

The  Efficiency  of  Diuretics  in  the  Normal  Animal  Anesthetized  hy 
Grehanfs  Anesthetic. 

In  Experiment^  1  and  2  of  Tables  I  and  II  an  outline  is  given  of  the 
blood  changes,  the  changes  in  carbon  dioxide  tension,  and  the  effi- 
ciency of  several  types  of  diuretic  substances  in  two  of  the  ten  normal 
animals  which  were  anesthetized  with  Grehant's  anesthetic.  The 
animals  were  respectively  1  and  4  years  old.  Both  these  animals 
were  freely  diuretic  prior  to  the  anesthetic.  The  hydrogen  ion  con- 
tent of  the  blood,  the  alkali  reserve,  and  the  tension  of  carbon  dioxide 
in  alveolar  air  were  normal.  Half  an  hour  after  the  animals  were 
anesthetized  no  change  had  taken  place  in  these  readings  except  a 
reduction  of  the  tension  of  carbon  dioxide  of  1  mm.  The  urine  flow 
from  each  animal  was  two  drops  per  minute.  The  animal  of  Experi- 
ment 1  was  given  1  cc.  per  kilo  of  a  1  per  cent  solution  of  theobromine, 
while  the  animal  of  Experiment  2  received  0.5  cc.  of  pituitrin.  The 
flow  of  urine  was  increased  by  theobromine  to  seven  drops  per  min- 
ute and  by  pituitrin  to  ten  drops  per  minute.  At  the  end  of  the  sec- 
ond half  hour  period  no  change  had  taken  place  in  the  alkali  reserve 
of  the  blood.  The  combined  volatile  and  non- volatile  acid  content 
of  the  blood  as  indicated  by  the  hydrogen  ion  determinations  had 
increased  in  the  animal  1  year  old  from  7.45  to  7.4,  while  in  the  ani- 
mal 4  years  old  this  reading  was  7.3,  as  compared  with  the  normal  of 
7.45.  At  this  stage  of  the  anesthesia  the  animal  of  Experiment  1 
was  given  10  cc.  per  kilo  of  a  0.9  per  cent  solution  of  urea,  and  the 
animal  of  Experiment  2,  10  cc.  per  kilo  of  a  5  per  cent  solution  of 
sodium  chloride.  The  diuresis  from  both  these  substances  was 
marked.  The  urea  solution  increased  the  flow  of  urine  to  sixty-four 
drops  per  minute  and  the  sodium  chloride  solution  to  10  cc.  per 
minute.  At  the  end  of  the  experiments,  1^  hours  after  the  animals 
were  anesthetized,  the  flow  of  urine  from  both  animals  was  in  excess 
of  the  normal.  In  the  young  animal  of  Experiment  1  no  change  had 
taken  place  during  the  period  of  anesthesia  in  the  hydrogen  ion  con- 
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tent  or  alkali  reserve  of  the  blood  and  practically  no  change  in  the 
tension  of  alveolar  air  carbon  dioxide.  The  tension  had  been  reduced 
1  mm.  In  the  animal  of  Experiment  2,  4  years  old,  the  hydrogen  ion 
content  had  increased  from  the  normal  of  7.45  to  7.2  and  the  alkali 
reserve  showed  a  reduction  from  8.1  to  8.0.  The  tension  of  carbon 
dioxide  had  decreased  from  the  normal  of  43  to  39  mm. 

The  experiments  on  the  normal  animals  show  that  the  normal 
kidney  is  relatively  non-susceptible  to  the  toxic  effect  of  Grehant's 
anesthetic.  Animals  anesthetized  by  this  mixture,  the  active  anes- 
thetic ingredients  of  which  are  chloroform  and  alcohol,  remain  diu- 
retic during  a  period  of  1^  hours  and  respond  to  such  diuretic  sub- 
stances as  theobromine,  pituitrin,  and  solutions  of  urea  and  sodium 
chloride.  The  experiments  also  indicate  that  in  the  older  normal 
animals  there  is  a  tendency  for  the  anesthetic  to  increase  the  hydro- 
gen ion  content  of  the  blood  and  reduce  the  alkali  reserve  of  the 
blood.  The  extent  to  which  these  changes  have  developed  in  the 
normal  animals  has  not  been  indicated  by  any  reduction  in  the  re- 
sponse of  the  kidneys  to  various  diuretics. 

At  the  end  of  the  experiments  on  normal  animals  and  prior  to  the 
death  of  the  animals  the  kidneys  were  removed  and  studied  histo- 
logically.    The  findings  were  negative. 

The  Efficiency  of  Diuretics  in  Nephropathic  Animals  Anesthetized  by 
Grehattfs  Anesthetic  and  Protected  against  the  Anesthetic  by  a 
Sodium  Carbonate  Solution  as  Compared  with  Animals 
of  the  Same  Age  Which  Were  Unprotected. 

Thirteen  of  the  thirty-six  experiments  on  nephropathic  animals 
are  included  in  Tables  I  and  II.  Ten  of  the  experiments  were  con- 
ducted in  pairs,  one  animal  receiving  intravenously  prior  to  the  an- 
esthetic 25  cc.  per  kilo  of  a  3  per  cent  solution  of  sodium  carbonate, 
while  the  other  animal  which  was  used  as  a  control  was  given  an 
equivalent  volume  per  kilo  of  a  solution  of  sodium  chloride  equi- 
molecular  with  the  carbonate  solution.  All  the  animals  had  been 
intoxicated  by  uranium  in  the  dose  of  5  mg.  per  kilo  which  was  given 
on  the  2  days  prior  to  the  day  of  the  experiment.  During  the  last 
day  of  the  uranium  intoxication  all  the  animals  were  diuretic.  The 
output  of  urine  varied  between  a  minimum  of  310  cc.  to  a  maximum 
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of  960  cc.  The  urine  was  collected  at  9  a.m.  and  the  animals  were 
anesthetized  for  the  experiments  in  the  afternoon  of  the  same  day. 
At  this  time  the  hydrogen  ion  and  alkali  reserve  determinations  were 
made.  These  determinations  have  therefore  no  association  with 
the  output  of  urine  as  recorded  in  Table  I.  It  will,  however,  be  noted 
that  the  older  animals  with  a  well  marked  acid  intoxication  show  a 
decrease  in  the  output  of  urine. 

A  study  of  the  animals  included  in  Table  I,  before  they  were  an- 
esthetized, confirms  the  observation  made  in  Part  I  of  this  inves- 
tigation. The  older  animals  at  the  end  of  a  2  day  period  of  intoxi- 
cation by  uranium  show  a  severer  grade  of  acid  intoxication  than  do 
the  younger  animals.  The  animals  over  1|  years  of  age  show  a  more 
constant  increase  in  the  hydrogen  ion  content  of  the  blood,  and  the 
alkali  reserve  of  the  blood  has  been  drawn  upon  to  a  greater  extent 
than  has  been  the  case  with  the  animals  under  1^  years  of  age.  The 
carbon  dioxide  tension  shows  a  greater  reduction  in  the  older  animals 
than  in  the  young  animals. 

Following  these  determinations  the  animals  were  given  either  the 
carbonate  solution  or  the  solution  of  sodium  chloride,  and  at  once 
anesthetized  with  Grehant's  anesthetic  in  60  per  cent  strength. 
The  observations  which  follow  were  made  at  half  hour  intervals 
during  the  experiments. 

Reference  to  the  tables  of  experiments  shows  that  depending  upon 
the  relative  susceptibiHty  of  the  kidney  to  this  anesthetic  the  animals 
may  be  divided  into  two  groups.  (1)  The  control  animals.  All 
these  animals,  even  though  they  had  first  received  25  cc.  per  kilo  of 
a  solution  of  sodium  chloride,  became  anuric  by  the  end  of  the  first 
half  hour  period  of  the  experiment.  This  apphes  to  animals  of  all 
ages.  (2)  The  animals  which  received  a  solution  of  sodium  car- 
bonate. These  animals  may  be  subdi\ided  into  two  groups,  (a) 
The  nephropathic  animals  not  over  1|  years  old  which  received  the 
alkaline  solution  remained  diuretic  during  the  experiments,  while 
(b)  those  animals  over  this  age  became  anuric  and  remained  anuric 
during  the  entire  experiment.  A  study  of  the  changes  in  the  blood 
and  alveolar  air  of  these  different  groups  of  animals  shows  the  fol- 
lowing variations. 

Within  half  an  hour  following  the  anesthetic  the  control  animals 
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show  an  increase  in  the  hydrogen  ion  content  of  the  blood  and  a  be- 
ginning reduction  in  the  alkali  reserve  of  the  blood.  The  tension  of 
carbon  dioxide  either  remains  constant  or  is  decreased.  In  the  control 
animals  in  this  short  period  the  anesthetic  has  increased  the  degree 
of  acid  intoxication  which  existed  prior  to  the  use  of  the  anesthetic. 
All  the  animals  that  received  the  carbonate  solution  show  at  this 
period  of  the  experiment  a  decrease  in  the  hydrogen  ion  content  of 
the  blood,  an  increase  in  available  alkali,  and  an  increase  tension  of 
carbon  dioxide.  Those  animals  over  1^  years  old  which  resisted  the 
toxic  effect  of  the  anesthetic  and  remained  diuretic  show  a  more 
marked  decrease  in  the  hydrogen  ion  content  of  the  blood  and  a  larger 
amount  of  available  alkali  than  do  the  animals  over  this  age  which 
became  anuric  from  the  anesthetic.  For  instance,  in  the  diuretic 
animal  of  Experiment  9  the  carbonate  solution  changed  the  hydrogen 
ion  reading  prior  to  the  anesthetic  from  7.25  to  7.55  and  the  alkali 
reserve  from  7.9  to  8.2.  In  the  anuric  animal  of  Experiment  13  the 
hydrogen  ion  determination  was  changed  by  the  carbonate  from  7.25 
to  7.35  and  the  alkaH  reserve  from  7.85  to  8.0.  The  inabihty  of  the 
alkaline  solution  to  protect  the  nephropathic  kidney  against  the 
anesthetic  is  associated  with  its  failure  to  decrease  the  acid  intoxica- 
tion of  the  anuric  animals  to  the  same  extent  to  which  the  intoxication 
is  modified  in  the  diuretic  group. 

At  this  stage  of  the  experiments,  the  end  of  the  first  half  hour 
period,  two  of  the  animals  were  given  pituitrin  and  the  remaining 
eleven  animals  were  given  theobromine.  The  control  animals  re- 
mained uniformly  anuric  from  these  diuretic  substances.  The  car- 
bonate-protected animals  under  1|  years  of  age  which  had  not  shown 
a  severe  acid  intoxication  prior  to  the  anesthetic  and  which  following 
the  anesthetic  and  the  intravenous  injection  of  the  alkaline  solution 
gave  no  evidence  of  an  acid  intoxication  were  freely  diuretic  to  both 
pituitrin  and  theobromine.  The  older  animals,  those  over  1|  years 
of  age,  which  prior  to  the  anesthetic  had  shown  a  severe  grade  of 
acid  intoxication  and  which  following  the  anesthetic  and  the  car- 
bonate solution  gave  less  evidence  of  protection  against  the  acid  intox- 
ication have  remained  anuric  and  unresponsive  to  these  diuretic 
substances.  A  solution  of  sodium  carbonate  is  able  to  protect  the 
kidney  of  a  nephropathic  animal  against  Grehant's  anesthetic  up  to 
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a  certain  age  limit.  After  this  age  limit  is  reached  the  older  animals 
are  not  afforded  a  protection  by  the  carbonate  but  become  anuric 
as  do  the  control  animals  which  have  received  a  solution  of  sodium 
chloride. 

A  study  of  the  tables  of  experiments  from  this  first  half  hour  period 
following  the  anesthetic,  through  the  remaining  periods  to  the  ter- 
mination of  the  experiments,  shows  the  variations  which  occur  in 
the  acid-base  equilibrium  of  the  blood  in  the  control  animals,  in  the 
carbonate-protected  animals  which  remain  diuretic,  and  in  those 
animals  receiving  the  carbonate  which  become  anuric;  it  also  shows 
the  relative  efficiency  of  diuretics  in  these  three  groups  of  animals. 

It  will  be  observed  that  all  the  control  animals  remain  anuric  through 
the  remaining  hour  of  the  respective  experiments  and  that  none  of 
these  animals  show  any  diuretic  effect  from  a  0.9  per  cent  solution 
of  urea  or  a  5  per  cent  solution  of  sodium  chloride.  It  will  also  be 
observed  that  in  the  control  animals  the  degree  of  acid  intoxication 
tends  to  increase  progressively  in  severity  as  the  age  of  the  animal 
increases.  The  control  animal  of  Experiment  4,  8  months  old,  at 
the  end  of  the  experiment  had  a  hydrogen  ion  content  of  7.35  and  an 
alkali  reserve  of  7.9.  The  carbon  dioxide  tension  was  29  mm.  The 
control  animal  of  Experiment  12,  3  years  and  7  months  old,  had  a 
hydrogen  ion  content  of  7.05,  an  alkali  reserve  of  7.75,  and  a  carbon 
dioxide  tension  of  24  mm.  Nephropathic  animals  anesthetized  by 
Grehant's  anesthetic  and  unprotected  against  the  toxic  action  of  the 
anesthetic  by  an  alkali  show  the  same  type  of  response  to  the  anes- 
thetic as  the  animals  of  different  ages  have  shown  to  uranium.  The 
toxicity  of  the  anesthetic  increases  with  the  age  of  the  animal. 

During  the  remainder  of  the  experiments  the  nephropathic  animals 
which  received  the  sodium  carbonate  protection  permit  the  same 
division  into  two  groups.  The  animals  not  over  1^  years  of  age  re- 
main diuretic  to  the  conclusion  of  the  experiment,  while  those  over 
this  age  remain  anuric. 

At  the  end  of  the  second  half  hour  period  of  the  experiments  all  the 
animals  which  had  received  the  carbonate  protection  were  given 
either  10  cc.  per  kilo  of  a  0.9  per  cent  solution  of  urea  or  10  cc.  per 
kilo  of  a  5  per  cent  solution  of  sodium  chloride.  The  functional  re- 
sponse of  the  kidneys  to  these  diuretics  was  clear-cut.    The  younger 
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group  of  animals  which  were  previously  diuretic  to  either  theobromine 
or  pituitrin  and  which  at  the  present  stage  of  the  experiment  showed 
a  hydrogen  ion  concentration  not  over  7.35  and  an  alkali  reserve  not 
below  8.0  were  freely  diuretic  to  both  5  per  cent  sodium  chloride 
and  a  0.9  per  cent  solution  of  urea.  The  older  animals,  which  earlier 
in  the  experiments  had  shown  no  diuretic  effect  from  theobromine, 
at  this  later  stage  of  the  experiment  also  remained  anuric  to  the  solu- 
tions of  urea  and  sodium  chloride.  In  this  latter  group  of  anuric 
animals  the  injected  carbonate  solution  had  been  rapidly  used  up  so 
that  the  blood  showed  an  alkali  reserve  of  not  over  7.8. 

During  the  course  of  the  anesthesia  all  the  animals  which  have 
received  the  carbonate  protection  show  an  increase  in  the  hydrogen 
ion  content  of  the  blood  and  a  reduction  in  the  alkali  reserve.  The 
degree  to  which  these  changes  take  place  varies  in  the  diuretic  and 
anuric  groups  of  animals.  In  the  younger  group  of  animals  which 
remain  diuretic  the  reduction  in  the  alkali  of  the  blood  takes  place 
gradually  so  that  during  an  anesthesia  lasting  1|  hours  the  alkali 
reserve  of  the  blood  has  not  shown  a  reading  below  7.95  and  the 
hydrogen  ion  content  has  not  been  over  7.35.  The  older  group  of 
animals  in  which  no  protection  was  afforded  by  the  sodium  carbon- 
ate solution  and  which  remained  anuric  throughout  the  period  of 
anesthesia  have  shown  a  rapid  depletion  of  the  blood  of  the  injected 
alkali,  so  that  by  the  termination  of  the  experiment  this  group  of 
animals  has  had  a  hydrogen  ion  content  as  high  as  1.2,  and  an  alkali 
reserve  as  low  as  7.8. 

The  changes  in  carbon  dioxide  tension  in  alveolar  air  of  the  two 
groups  of  animals  have  shown  in  general  a  correlation  with  the 
change  in  the  alkali  reserve  of  the  blood.  In  the  group  of  young  ani- 
mals which  show  less  reduction  in  the  alkali  reserve  the  tension  of 
carbon  dioxide  has  varied  between  30  to  37  mm.  In  the  older  group 
of  animals  with  a  more  marked  reduction  in  the  alkali  reserve  the 
tension  of  carbon  dioxide  has  varied  between  26  to  29  mm. 

The  foregoing  brief  review  of  the  differences  in  the  acid-base 
equilibrium  of  the  blood  in  the  diuretic  and  anuric  groups  of  animals 
shows  that  the  estabhshment  of  a  state  of  anuria  in  an  animal  neph- 
ropathic  from  uranium  and  anesthetized  by  Grehant's  anesthetic  is 
associated  with  the  development  of  a  tissue  acidosis  and  with  a 
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failure  of  the  carbonate  solution  to  maintain  the  reaction  of  the 
blood  near  the  point  of  neutrahty. 

The  Pathology   of  the   Kidney  in   Nephropathic  Animals,   Protected 

and   Unprotected  agaifist  the  Toxic  Efect  of  Grehant's 

Anesthetic  by  Sodium  Carbonate. 

At  the  termination  of  the  experiments  and  before  the  death  of  the 
animals  the  kidneys  were  removed  for  histological  study.  Tissue 
was  fixed  in  10  per  cent  formalin  and  in  mercuric  chloride-acetic 
acid.  Sections  for  routine  histological  study  were  stained  with  eosin 
and  hematoxylin.  Frozen  sections  were  stained  for  fat  by  Herx- 
heimer's  modification  of  the  Scharlach  R  stain. 

Depending  upon  the  severity  of  the  pathological  changes  which 
have  developed  in  the  kidneys,  these  organs  may  be  classified  into 
three  groups:  the  kidneys  of  animals  which  have  received  the  car- 
bonate protection  and  which  have  remained  diuretic  and  responsive 
to  diuretic  substances;  the  kidneys  of  animals  which  also  received 
the  carbonate  protection  but  which  during  the  development  of  the 
anesthesia  became  anuric  and  remained  unresponsive  to  diuretic 
substances ;  and  finally,  the  group  of  control  animals  all  of  which  fol- 
lowing the  anesthetic  became  anuric. 

The  kidneys  of  the  animals  which  were  successfully  protected  by 
the  carbonate  show  no  degenerative  change  in  the  glomerular  vessels. 
These  vessels  are  usually  distended  with  blood  and  when  compared 
with  the  glomerular  vessels  in  the  anuric  group  of  animals  the  difi'er- 
ence  in  the  degree  of  distention  of  the  loops  is  very  evident.  The 
epithehum  of  the  convoluted  tubules  is  shrunken.  The  nuclei  of 
these  cells  are  large  and  h>perchromatic.  The  lumen  of  the  tubules 
is  prominent.  Occasionally  tubules  are  observed  in  which  the  cells 
show  an  accumulation  of  granules,  or  more  rarely  vacuoles,  and  an 
early  swelling.  Stainable  fat  has  not  been  found  in  the  epithehum 
of  the  convoluted  tubules,  the  glomerular  vessels,  or  in  the  connec- 
tive tissue  of  the  kidney.  The  loops  of  Henle  usually  show  a  trace 
of  fat  (Figs.  1  and  2). 

The  kidneys  of  those  animals  which  received  the  carbonate  solution 
but  which  were  not  afforded  any  protection  against  the  toxic  effect 
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of  the  anesthetic  show  a  pathological  response  which  is  striking  when 
compared  with  the  changes  in  the  kidneys  that  have  been  protected 
by  the  alkaline  solution.  The  vascular  element  of  the  kidney  shows 
no  evidence  of  degeneration.  The  capillary  loops  of  the  glomeruli 
are  certainly  not  engorged  with  blood,  and  when  compared  with  the 
glomerular  vessels  of  the  previous  group  of  animals  protected  by  the 
carbonate,  the  glomerular  vessels  of  this  anuric  group  contain  less 
blood.  The  epithelium  of  the  convoluted  tubules  is  severely  swollen. 
The  cell  cytoplasm  has  not  become  necrotic  and  the  nuclei  have  not 
undergone  fragmentation.  In  many  of  the  tubules  the  lumen  has 
become  completely  obliterated  by  the  swollen  cells  (Fig.  3).  The 
epithelium  of  the  convoluted  tubules  has  not  contained  any  clearly 
defined  stainable  fat.  The  loops  of  Henle  show  a  large  amount  of 
fat  in  the  form  of  droplets,  which  frequently  fuse  together. 

The  kidneys  of  the  control  animals,  which  instead  of  receiving  the 
alkaline  solution  were  given  a  solution  of  sodium  chloride  equimolecu- 
lar  with  the  carbonate  solution,  show  a  pathological  response  resem- 
bling that  of  the  anuric  group  of  animals  which  failed  to  receive  any 
protection  from  the  carbonate  solution.  The  pathological  changes 
in  the  kidneys  of  this  control  group  show  more  advanced  evidence  of 
degeneration.  The  glomerular  vessels  are  not  distended  with  blood. 
The  cells  of  the  convoluted  tubules  are  severely  swollen,  granular, 
and  frequently  hydropic.  The  nuclei  are  hypochromatic  and  un- 
dergoing fragmentation.  The  cytoplasm  of  many  of  the  cells  has 
become  necrotic  (Fig.  4).  In  these  cells  stainable  fat  has  frequently 
been  demonstrated.  The  relative  amount  of  fat  in  the  loops  of  Henle 
is  far  greater  in  this  control  group  of  animals  which  were  anuric 
than  in  the  anuric  group  of  animals  that  received  the  carbonate 
solution. 

SUMMARY. 

The  outline  which  has  been  given  of  the  relative  toxicity  of  Gre- 
hant's  anesthetic  in  normal  animals,  in  animals  that  were  nephro- 
pathic  from  uranium  and  protected  against  the  anesthetic  by  an 
alkaline  solution,  and  in  those  animals  which  were  unprotected  by 
such  a  solution,  furnishes  the  basis  for  the  following  summary. 

The  kidney  of  the  normal  dog  is  relatively  non-susceptible  to  the 
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toxic  action  of  Grehant's  anesthetic.  The  kidneys  have  failed  to 
show  any  change  in  their  histological  structure  during  the  period  of 
anesthesia.  These  animals  have  remained  diuretic  during  the  period 
of  anesthesia  and  have  responded  to  diuretics  such  as  theobromine, 
pituitrin,  and  solutions  of  urea  and  sodium  chloride. 

Normal  animals  anesthetized  with  Grehant's  mixture  for  1^  hours 
usually  show  at  the  end  of  the  experiment  either  no  change,  or 
only  a  sHght  variation  from  the  normal,  in  the  hydrogen  ion 
content  of  the  blood,  the  alkali  reserve  of  the  blood,  and  in  the 
tension  of  carbon  dioxide.  In  several  normal  dogs  which  were  over 
4  years  of  age,  by  the  end  of  an  anesthesia  of  such  a  duration  the 
animals  have  shown  a  reduction  in  the  alkah  reserve  of  the  blood  and 
also  a  decrease  from  the  normal  in  the  carbon  dioxide  tension  of  alve- 
olar air.  From  this  observation  it  would  appear  that  even  in  a  nor- 
mal animal  Grehant's  anesthetic  tends  to  induce  an  acid  intoxication, 
and  as  was  the  case  with  normal  animals  which  were  being  intoxi- 
cated by  uranium,  such  an  intoxication  is  more  readily  induced  in 
an  old  animal  than  in  a  young  one. 

The  nephropathic  animals  which  have  been  anesthetized  by  Gre- 
hant's anesthetic  and  in  which  an  attempt  has  been  made  to  protect 
these  animals  against  the  toxic  effect  of  the  anesthetic  by  the  use  of 
a  solution  of  sodium  carbonate  fall  into  two  clear-cut  groups.  Those 
animals  of  the  series  not  over  1^  years  old  have  shown  at  the  end  of 
the  uranium  intoxication  and  prior  to  the  use  of  the  anesthetic  a 
less  severe  acid  intoxication  than  have  the  animals  of  the  series  which 
were  over  1|  years  old.  In  this  younger  group  of  animals  the  in- 
travenous injection  of  a  3  per  cent  solution  of  sodium  carbonate 
immediately  before  the  animals  were  anesthetized  has  succeeded 
in  protecting  these  animals  against  the  toxic  action  of  the  anesthetic. 
During  the  following  1|  hours  of  anesthetization  these  animals  have 
not  developed  a  severe  grade  of  acid  intoxication,  and  in  several  of 
the  animals  at  the  end  of  the  experiment  the  alkali  reserve  of  the  blood 
was  in  excess  of  what  it  was  at  the  end  of  the  uranium  intoxication 
and  before  an  anesthetic  was  administered.  Animals  of  this  pro- 
tected group  have  remained  diuretic  throughout  the  experiment 
and  have  shown  an  active  diuresis  from  pituitrin,  theobromine,  and 
solutions  of  urea  and  sodium  chloride.     The  kidney*  of  such  animals 
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have  shown  histologically  a  normal  vascular  tissue,  a  convoluted 
tubule  epithelium  which  gave  the  appearance  of  being  hyperactive, 
and  only  occasionally  were  tubules  encountered  which  showed  signs 
of  an  early  epitheHal  degeneration. 

The  nephropathic  animals  of  the  series  in  which  a  solution  of  sodium 
carbonate  failed  to  afford  any  protection  against  Grehant's  anes- 
thetic were  animals  over  1|  years  old  in  which  the  uranium  intoxica- 
tion had  resulted  in  a  severer  grade  of  acid  intoxication  than  in  the 
younger  animals.  When  these  older  animals  were  given  intravenously 
the  carbonate  solution  and  were  anesthetized,  it  was  found  impos- 
sible to  increase  the  alkali  reserve  of  the  blood  to  the  same  extent  as 
was  possible  in  the  younger  animals.  Furthermore,  the  alkaline 
solution  during  the  period  of  anesthesia  is  rapidly  used  up  so  that 
by  the  termination  of  these  experiments  the  animals  may  have  an 
alkaU  reserve  of  the  blood  which  may  be  even  lower  than  was  the 
alkali  reserve  before  the  use  of  the  carbonate.  These  animals  have 
remained  completely  anuric  throughout  the  experiments  and  have 
shown  no  diuretic  effect  from  those  diuretics  which  in  the  animals 
that  were  successfully  protected  by  the  carbonate  induced  free 
diuresis.  The  kidneys  of  these  anuric  animals  show  no  degenerative 
changes  in  the  glomerular  vessels.  The  capillaries  are  not  distended 
with  blood  as  has  been  the  case  with  the  diuretic  group.  The  epi- 
thelium of  the  convoluted  tubules  is  acutely  swollen.  The  swelling 
has  frequently  taken  place  to  such  an  extent  that  the  lumen  of  the 
tubules  has  become  obliterated. 

The  nephropathic  animals  of  the  series  which  served  as  control 
animals  and  which  were  given  a  solution  of  sodium  chloride  equi- 
molecular  with  the  carbonate  solution,  following  Grehant's  anesthetic 
became  completely  anuric.  The  sodium  chloride  solution  furnished 
no  protection  against  the  anesthetic.  The  animals  of  all  ages  be- 
came anuric  and  unresponsive  to  the  diuretic  substances  which 
have  been  used  during  this  study.  With  the  establishment  of  a  state 
of  anuria  in  these  control  animals  the  hydrogen  ion  content  of  the 
blood  has  increased,  the  alkali  reserve  of  the  blood  has  been  rapidly 
depleted,  and  associated  with  this  change  the  carbon  dioxide  tension 
has  been  reduced.     The  rapidity  with  which  these  changes  develop 
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and  the  degree  of  acid  intoxication  which  is  induced  is  more  marked 
in  these  animals  than  in  any  of  the  other  series. 

The  kidneys  of  the  control  animals  show  the  severest  grade  ol 
degeneration  of  any  of  the  nephropathic  animals.  The  epithelium 
of  the  convoluted  tubules  is  not  only  severely  swollen  but  the  cells 
frequently  show  necrosis.  The  loops  of  Henle  contain  more  stain- 
able  fat  than  has  been  demonstrated  in  the  kidneys  of  the  carbonate 
animals. 

CONCLUSIONS. 

1.  The  toxicity  of  Grehant's  anesthetic  for  the  nephropathic 
kidney  is  associated  with  the  ability  of  the  anesthetic  to  induce  an 
acid  intoxication.  The  severity  of  the  acid  intoxication  increases 
with  the  age  of  the  animal. 

2.  The  efficiency  of  a  solution  of  sodium  carbonate  to  protect  the 
kidney  against  the  toxic  effect  of  Grehant's  anesthetic  depends  upon 
its  ability  to  prevent  the  development  of  an  acid  intoxication.  The 
efficiency  of  a  solution  of  sodium  carbonate  to  furnish  such  a  protec- 
tion decreases  as  the  age  of  the  animal  increases. 

3.  The  inability  of  a  solution  of  sodium  carbonate  to  protect  the 
kidney  against  Grehant's  anesthetic  has  been  characterized  by  the 
development  of  an  acute  swelling  of  the  renal  epithelium  which  is 
later  followed  by  necrosis.  These  animals  develop  an  acute  anuria 
and  are  unresponsive  to  diuretics. 

4.  The  ability  of  a  solution  of  sodium  carbonate  to  protect  the 
kidney  against  Grehant's  anesthetic  has  been  associated  with  the 
histological  preservation  of  the  renal  epithelium.  These  animals 
remain  diuretic  and  responsive  to  various  diuretic  substances. 

5.  The  inference  should  not  be  drawn  from  the  observations  which 
have  been  made  that  the  epithehal  damage  is  the  sole  cause  for  the 
anuria  and  the  lack  of  response  of  some  of  the  animals  to  diuretic 
substances.  It  is  difficult  to  conceive  that  such  gross  changes  in 
the  volume  of  the  renal  epithelium  could  occur  without  seriously 
afifecting  the  functional  response  of  the  vascular  mechanism  of  the 
kidney. 
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EXPLANATION  OF  PLATES. 

Plate  3. 

Fig.  1.  Camera  lucida  drawing,  Zeiss  oc.  3,  obj.  6.  The  figure  is  from  the  kid- 
ney of  the  carbonate  animal  of  Experiment  3,  Table  I.  The  glomerular  vessels 
show  no  degeneration  and  the  capillary  loops  are  well  filled  with  blood.  The 
epithelium  of  the  convoluted  tubules,  a,  is  shrunken;  the  lumen  of  the  tubules  is 
prominent.  The  nuclei  are  large  and  hyperchromatic.  At  b  the  epithelium 
shows  an  early  swelling.  The  animal  was  successfully  protected  against  Grehant's 
anesthetic  by  the  carbonate  solution,  and  was  freely  diuretic  to  both  pituitrin 
and  a  0.9  per  cent  solution  of  urea. 

Plate  4. 

Fig.  2.  Camera  lucida  drawing,  Zeiss  oc.  3,  obj.  6.  The  figure  is  from  the  kid- 
ney of  the  carbonate  animal  of  Experiment  5,  Table  I.  The  pathology  of  the 
kidney  is  in  general  similar  to  that  shown  in  Fig.  1.  The  glomerular  vessels 
fill  the  subcapsular  space  and  the  capillary  loops  are  well  filled  with  blood.  The 
epithelium  of  the  convoluted  tubules,  a,  is  shrunken;  the  nuclei  of  the  cells  are 
large  and  hyperchromatic.  At  b  these  cells  show  a  beginning  swelling.  The 
animal  was  successfully  protected  against  the  anesthetic  by  the  alkaline  solution; 
it  had  a  marked  diuresis  from  both  theobromine  and  a  5  per  cent  solution  of 
sodium  chloride. 

Plate  5. 

Fig.  3.  Camera  lucida  drawing.  Leitz  oc.  2,  obj.  6.  The  figure  is  from  the 
kidney  of  the  carbonate  animal  of  Experiment  11,  Table  I.  The  glomerulus  is 
partially  compressed  by  the  swelling  of  the  tubular  epithelium.  The  capillaries 
are  not  distended  with  blood.  The  epithelium  of  the  convoluted  tubules,  a,  is 
severely  swollen.  The  epithelium  of  the  junctional  tubules,  b.  fails  to  show  the 
swelling.  The  animal  was  not  protected  against  Grehant's  anesthetic  by  the  car- 
bonate solution.  Early  in  the  experiment  it  became  anuric  and  showed  no 
diuretic  effect  from  theobromine  or  from  a  5  per  cent  solution  of  sodium  chloride. 

Plate  6. 

Fig.  4.  Camera  lucida  drawing,  Leitz  oc.  2,  obj.  6.  The  figure  is  from  the 
kidney  of  the  control  animal  of  Experiment  12,  Table  I.  The  animal  received 
25  cc.  per  kilo  of  a  solution  of  sodium  chloride  equimolecular  with  a  3  per  cent 
solution  of  sodium  carbonate.  The  glomerular  capillaries  are  not  filled  with 
blood.  The  epithelium  of  the  convoluted  tubules  at  a  shows  a  severe  grade  of 
swelling.     At  b  the  cells  have  become  necrotic.     The  junctional  tubules  at  c 
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have  an  epithelium  which  is  not  swollen  and  in  which  the  nuclei  stain  normally. 
During  the  development  of  a  state  of  anesthesia  the  animal  became  anuric  and 
remained  anuric  throughout  the  experiment  No  diuretic  effect  was  obtained 
from  either  theobromine  or  a  5  per  cent  solution  of  sodium  chloride. 
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CULTIVATION  OF  SPIROCH^TA  OBERMEIERI. 

By  harry  PLOTZ,  M.D. 

{Fram  the  Pathological  Laboratory  of  Mount  Sinai  Hospital,  New  York.) 

Plate  7. 

(Received  for  publication,  February  24,  1917.) 

Up  to  the  present  SpirochcEta  ohermeicri  has  not  been  grown  from 
the  blood  of  persons  suffering  from  relapsing  fever,  nor  has  a  spi- 
rochete of  any  species,  as  far  as  I  have  been  able  to  discover,  been 
cultivated  directly  from  the  blood  of  human  beings.  In  this  com- 
munication I  wish  to  report  the  successful  cultivation  of  Spirochceta 
ohermeieri  directly  from  the  blood  of  patients  suffering  from  European 
relapsing  fever. 

The  studies  were  carried  on  in  Serbia  in  the  wanter  of  1915.  The 
successful  cultures,  five  in  all,  were  made  from  cases  clinically  topical 
of  European  relapsing  fever  occurring  in  ci\dHans  and  soldiers  then 
residing  in  Macedonia. 

Noguchi,^  following  his  successful  experiments  on  the  cultivation  of  other 
spirochetes,  succeeded  in  growing  Spirochceta  ohermeieri  from  mice  infected  with 
relapsing  fever.  This  spirochete  had  previously  been  kept  alive  by  continued 
passage  from  animal  to  animal  for  a  considerable  length  of  time.  The  question 
arose  whether  spirochetes  thus  propagated  for  a  long  time  become  more  amenable 
to  artificial  cultivation. 

The  method  employed  is  the  same  as  that  used  by  Noguchi.^  All  cultures 
were  taken  during  the  febrile  period  of  the  disease.  After  careful  disinfection 
of  the  skin  with  alcohol  and  iodine  a  vein  in  the  antecubital  space  is  punctured 
and  10  to  15  cc.  of  blood  are  withdrawn.  A  15  cc.  syringe  with  a  thick  bored 
needle  is  employed.  It  is  important  to  withdraw  the  blood  slowly,  because  rapid 
withdrawal  may  so  injure  the  organisms  that  they  will  not  grow.  The  needle 
is  then  removed  from  the  syringe  and  the  blood  is  slowly  introduced  into  an 
Erlenmeyer  flask  containing  10  cc.  of  a  1.5  per  cent  sodivun  citrate  solution  in 
0.85  per  cent  sodium  chloride.  The  flask  is  gently  agitated  and  the  contents 
are  then  ready  for  culture.     Culture  tubes  measuring  1.5  by  20  cm.  are  used. 


1  Noguchi,  H.,  J.  Exp.  Med.,  1912,  xvi,  199. 
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Into  each  tube  is  placed  a  piece  of  fresh  sterile  rabbit  kidney  tissue.  The  kid- 
neys are  removed  aseptically  and  divided  into  about  four  pieces.  About  5  cc. 
of  the  blood  and  sodium  citrate  mixture  are  added  to  each  of  a  series  of  tubes. 
To  this  are  added  15  cc.  of  sterile  ascitic  fluid.  The  ascitic  fluid  should  be  clear, 
free  of  bile  and  blood  pigment,  and  should  have  a  specific  gravity  of  about  1.020. 
Noguchi  has  shown  that  an  ascitic  fluid  which  forms  a  fibrin  filament  when  it 
comes  in  contact  with  the  blood  is  best;  no  preservative  should  be  added  to  the 
ascitic  fluid  and  it  should  not  be  passed  through  a  Berkefeld  filter.  Before  use 
the  fluid  is  tested  out  aerobically  and  anaerobically.  Half  the  tubes  are  layered 
with  sterile  liquid  parafiin.    The  tubes  are  incubated  at  37°C. 

The  cultures  were  observed  over  a  period  of  2  weeks,  but  no  defi- 
nite appearance  of  growth  was  noted  in  the  medium.  Occasionally 
a  sUght  clouding  at  the  lower  part  of  the  ascitic  fluid  appeared.  The 
tubes  not  layered  with  liquid  parafiin  showed  the  best  growth. 

Although  only  one  or  two  spirochetes  could  be  found  in  films  made 
before  culture  (Fig.  1),  a  distinct  increase  could  be  noted  after  48 
hours'  cultivation.  In  this  series  the  maximum  growth  appeared 
on  the  5th  day  and  then  gradually  decreased.  Preparations  made 
from  the  junction  of  ascitic  fluid  and  blood  revealed  masses  and 
clumps  of  spirochetes.  Preparations  made  from  the  upper  part  of 
the  medium  showed  clumps  and  masses  of  spirochetes,  but  not  so 
many  as  from  the  lower  part  (Figs.  2  and  3). 

In  young  cultures  the  spirochetes  appear  shorter  and  thinner,  but 
in  older  cultures  they  gradually  become  thicker  and  longer.  The 
most  striking  appearance  in  young  cultures  is  the  spirochetal  nodte 
which  appears  in  practically  every  organism.  These  nodes  are  small 
thickenings  which  occur  in  the  body  of  the  spirochetes.  From  one 
to  four  may  occur  in  the  same  organism.  As  the  cultures  become 
older  these  nodes  become  less  numerous.  I  believe  that  these  nodes 
probably  represent  the  points  where  longitudinal  division  occurs. 

Transplants  are  made  about  the  5th  day  by  withdrawing  0.5  cc. 
of  ascitic  fluid  from  the  lower  part  of  the  medium,  without  blood. 
This  is  inoculated  into  a  similar  tube  as  described  above,  except  that 
2  cc.  of  defibrinated  human  blood  are  added  to  each  tube.  The  pres- 
ence of  hemoglobin  aids  the  subsequent  growth.  In  this  manner 
Spiroch(Eta  obermeieri  have  been  transplanted  for  five  generations  in 
two  cultures. 
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EXPLANATION  OF   PLATE  7.' 


Fig.  1.  Spirochceta  obermeieri.     Blood  film. 

Fig.  2.  Preparation  from  the  upper  part  of  the  culture. 

Fig.  3.  Preparation  from  the  lower  part  of  the  culture. 


2  The  microphotographs  were  kindly  made  by  Professor  Julius  Rothberger 
of  the  Sero-Therapeutic  Institute,  Vienna. 
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Fig.  3. 


(Plotz:  Cultivation  of  Spirochceta  obermeieri.) 


A  VALVE  TO   REGULATE   THE   DELIVERY  OF   AIR   AND 
ETHER  VAPOR  IN  ANY  PROPORTION. 

By  FREDERICK  L.  GATES,  M.D. 

{From  the  Department  of  Physiology  and  Pharmacology  of  The  Rockefeller  Insti- 
tute for  Medical  Research.) 

(Received  for  publication,  March  5,  1917.) 

Since  the  introduction  of  the  Meltzer-Auer  method  of  intratracheal 
insufHation  for  artificial  respiration  and  anesthesia  in  1909,  this 
method  of  deHvering  air  and  ether  vapor  under  positive  pressure  at 
the  bifurcation  of  the  trachea  has  been  widely  adopted  in  laboratories 
of  research  and  in  the  surgical  clinic.  The  close  regulation  of  air 
pressure  and  ether  vapor  tension,  the  constancy  of  dehvers^  independ- 
ent of  the  respiratory  movements  of  the  anesthetized  subject,  and 
above  all,  the  safety  and  surety  of  the  method  in  supporting  life  in 
spite  of  respiratory  failure,  combined  with  smoothness  of  anesthesia 
and  freedom  from  danger  of  aspiration  pneumonia,  make  it  the  most 
satisfactory  method  for  human  as  well  as  laboratory  surgery. 

An  extensive  literature  has  grown  up  in  this  country  and  abroad 
which  by  its  character  attests  the  success  of  the  method  in  principle 
and  practice.  Most  of  the  authors  agree  on  the  correctness  of  the 
principles  involved;  most  of  them  have  some  contribution  to  make 
in  the  way  of  new  apparatus  for  the  simplification  and  perfection  of 
the  technique  or  the  mechanics  of  the  method.  Many  types  of  respi- 
ration machines  have  been  described,  their  variety  proving  the  wide 
flexibility  of  the  method  and  its  adaptability  to  individual  preference 
and  need. 

Dr.  Meltzer  has  always  insisted  upon  the  utmost  simphcity  in 
apparatus,  and  in  his  laboratory"  a  consistent  attempt  has  been  made 
to  reduce  the  mechanics  of  intratracheal  insufflation  to  the  lowest 
terms  consonant  wdth  efficiency.  In  this  way  mistakes  and  compli- 
cations may  be  avoided  and  the  mind  of  the  operator  freed  from  con- 
stant supervision  of  the  respiratory  apparatus  and  the  anesthesia. 
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TO   MANOMETER 
AND  ANrMAL 


Text- Fig.  1.     Woulfe  bottle  with  the  usual  arrangement  of  tubing  and  stop- 
cocks for  air  and  ether  vapor  control.     One-fourth  the  actual  size. 


Method  of  Obtaining  Ether  Vapor. 

The  simplest  and  most  reliable  method  of  obtaining  ether  vapor 
for  insufflation  anesthesia  is  the  passage  of  the  part  of  the  air  stream 
over  the  surface  of  ether  in  a  Woulfe  bottle  (Text-fig.  1).  The  level 
of  the  ether  is  maintained  by  an  auxiliary  supply  in  a  separating 
funnel.  This  is  the  method  long  in  use  in  Dr.  Meltzer's  laboratory 
and  has  been  adopted,  with  modifications,  in  several  of  the  respira- 
tion machines  intended  for  use  in  the  clinic.  If  the  ether  surface  is 
ample,  it  is  not  necessary  to  bubble  air  through  the  ether,  or  to 
warm  the  ether  to  promote  evaporation,  both  of  which  are  question- 
able procedures  not  unattended  with  danger. 

Heretofore  the  diversion  of  a  portion  of  the  air  stream  over  the 
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ether  surface  has  been  accomphshed  by  means  of  stop-cocks  in  the 
tubing  or  some  equivalent  arrangement  (Text-fig.  1).  Three  cocks 
are  necessary  for  proper  regulation  of  the  ether  supply.  A  and  B 
control  the  air  current  in  the  ether  circuit,  while  C  regulates  the  pas- 
sage of  air  unmixed  with  ether  vapor.  This  arrangement  has  the 
disadvantage  that  any  desired  change  in  the  proportion  of  ether 
vapor  requires  the  manipulation  of  all  three  cocks  to  maintain  the 
stream  at  its  former  volume  and  pressure,  and  even  then  it  is  prac- 
tically impossible  to  determine  the  proportion  of  vapor-laden  air 
obtained.  It  may  be  emphasized  further  that  it  is  essential  to  have 
cocks  A  and  B  open  to  the  same  degree,  lest  an  excess  of  ether  vapor 


TO  MERCUl^ 
MAN07>\ETER. 


FROM  ETHERBOTTL^ 


Text-Fig.  2.     Constant  volume  valve,  with    fittings   for  the    ether   bottle 
and  manometer.     One-half  the  actual  size. 

be  drawn  into  the  tubing  by  the  passage  of  air  through  C,  or  enter 
the  system  during  the  interruption  of  the  air  current  if  only  one  of 
the  passages  to  the  Woulfe  bottle  is  subject  to  regulation. 


Description  of  the  Valve. 

The  constant  volume  valve  here  described  (Text-fig.  2)  is  in  essence 
a  convenient  means  of  regulating  all  three  stop-cocks  synchronously, 
so  that  as  the  air  stream  over  the  ether  is  increased,  the  stream 
through  C  is  reduced  in  exact  proportion,  and  the  sum  of  the  volumes 
passing  through  the  two  limbs  of  the  divided  circuit  remains  constant. 
It  consists  of  three  channels  corresponding  to  A,  B,  and  C  in  Text- 
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j&g.  1,  but  all  contained  in  a  single  block,  and  all  regulated  syn- 
chronously by  a  single  cock  key  through  which  the  three  channels  are 
drilled.  In  the  block  (Text-fig.  3),  D  and  B  are  the  passages  to  and 
from  the  ether  bottle,  and  C  is  the  direct  air  passage  in  connection 
with  D,  F  and  E,  B.  As  the  passages  B  and  D  are  closed  by  turn- 
ing the  cock  key  A,  passage  C  must  open  in  exact  proportion  so  that 
the  sum  of  the  openings  D  (ether)  and  C  (air)  shall  always  equal  a 
single  opening  of  the  same  cross-section.  This  is  accompHshed  by 
drilling  the  key  so  that  the  left  edge  of  the  holes  corresponding  to 
B  and  D  are  in  Hne  with  the  right  edge  of  the  hole  corresponding  to 
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Text-Fig.  3. 


Text-Fig.  4. 


Text-Fig.  3.  Longitudinal  median  section  of  the  brass  block,  drilled  and 
plugged.    One-half  the  actual  size. 

Text-Fig.  4.  Cross-section  of  the  block  near  the  key  showing  the  arrange- 
ment of  the  square  ports  in  the  key  in  relation  to  the  passages  for  air  and 
ether  vapor.     One-half  the  actual  size. 


C.  Text-fig.  4  shows  a  cross-section  of  the  block  close  to  the  key, 
which  is  set  for  half  ether,  half  air.  Moreover,  the  holes  in  the  key 
must  be  square,  cutting  off  segments  with  the  circular  holes  in  the 
block,  the  sum  of  which  equals  the  cross-section  of  a  single  channel. 

The  dial  plate  over  which  the  handle  of  the  cock  key  turns  is  cali- 
brated to  show  the  proportion  of  the  air  stream  which  is  sent  over 
the  ether  in  the  Woulfe  bottle.  It  should  be  pointed  out  that  this 
is  not  an  absolute  index  of  the  tension  of  ether  vapor  obtained,  as 
that  is  further  dependent  upon  the  rate  of  evaporation  of  the  ether 
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and  the  rate  of  flow  of  the  air  stream.  We  have  not  found  it  neces- 
sary or  desirable  in  ordinary  anesthesias  to  determine  the  vapor 
tension  of  the  ether  with  accuracy.  Many  complicating  factors 
come  into  account  which  make  a  record  of  ether  tension,  either  in 
millimeters  of  mercury  or  in  percentage  of  ether  vapor,  merely  an 
abstract  number,  useful  only  for  the  reestabhshment  of  similar  con- 
ditions at  some  later  time  if  desired.  This  can  be  done  with  sufficient 
accuracy  for  ordinary  purposes  by  resetting  the  key  handle  on  the 
dial  scale  to  the  point  previously  determined.  It  should  be  em- 
phasized that  the  condition  of  the  patient  is  always  the  criterion  of 
the  amount  of  ether  to  be  given.  The  anesthesia  is  to  be  regulated 
by  observation  of  the  patient,  not  by  the  ether  vapor  tension  on  a 
scale.  Even  in  the  laboratory,  where  there  is  less  at  stake  than  in 
the  clinic,  we  find  that  different  animals  of  the  same  species  require 
different  amounts  of  ether  to  produce  safe  anesthesia  under  appar- 
ently similar  conditions. 

The  valve  described  above  has  proved  a  simple  and  reliable  means 
of  regulating  the  ether  vapor  tension.  Lately  we  have  been  em- 
ploying this  method  of  ether  regulation  for  anesthesia  in  small  ani- 
mals, cats,  rabbits,  guinea  pigs,  rats,  and  mice,  directing  an  ether- 
laden  air  stream  to  an  ordinary  cone,  as  used  in  the  open  drop  method. 
The  great  advantages  of  intratracheal  insufflation  are  not  obtained, 
but  the  superiority  over  the  open  drop  method  of  an  unvarying  supply 
of  dry  ether  vapor,  subject  to  close  and  instant  regulation,  is  apparent. 
For  one  thing,  the  time  of  an  assistant  is  saved. 

Directions  for  Constructing  the  Valve. 

Since  the  valve  can  easily  be  turned  out  by  a  good  technician  or 
mechanic,  working  directions  for  its  construction  are  appended. 

The  block  is  of  brass,  2\  by  2\  by  |  inches.  Text-fig.  5  shows  the 
centers  and  directions  for  drilHng  the  channels.  Hole  A,  f  inch  in 
diameter,  is  for  the  key  and  should  be  drilled  first,  since  it  must  be 
straight  and  true.  Then  B,  C,  and  D,  f  inch  in  diameter,  are  drilled 
in  turn,  B  and  D  through  the  block,  C  to  within  f  inch  of  the  oppo- 
site end.  E  and  F,  f  inch  in  diameter,  join  B  to  C  at  one  end  of 
the  block  and  D  to  C  at  the  other.  B  and  D  are  drilled  out  at  each 
end  and  tapped  for  \  inch  pipe  fittings.     After  the  proper  holes  are 
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drilled  through  the  key,  C,  E,  and  F  are  tapped  out  and  plugs 
screwed  in  as  far  as  F,  B,  and  D  respectively.  The  end  of  the  plug 
in  C  may  be  cut  as  a  screw  head  and  used  to  regulate  the  size  of  F  if 
the  resistance  of  the  passages  to  the  ether  bottle  is  found  to  be  high- 
er than  that  of  the  direct  air  passage  C.  The  other  plugs  may  be  cut 
off  flush  with  the  block.  A  median  longitudinal  section  of  the  block 
as  drilled,  tapped,  and  plugged  is  shown  in  Text-fig.  3. 
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Text-Fig.  5.     Dimension  drawing  of  the  block  as  laid  out  for  drilling, 
half  the  actual  size. 

Text- Fig  6.  Bottom  of  the  block  with  lines  for  setting  the  key.  a,  position 
of  the  key  when  C  is  drilled  through  it.  b,  position  of  the  key  when  B  and 
D  are  drilled.     One-half  the  actual  size. 


The  valve  key,  to  fit  properly,  should  be  turned  down  to  f  inch 
from  larger  stock  and  ground  in  with  a  very  little  emery  and  oil.  A 
heavy  grease  used  for  lubrication  will  obviate  any  slight  leak. 
The  key  is  3 j.  inches  long.  The  valve  handle,  of  strip  brass  2  by  f 
by  I  inches,  is  riveted  in  a  slot  in  the  key,  the  other  end  of  which  pro- 
jects f  inch  beyond  the  bottom  of  the  block  and  is  fitted  with  washers 
and  a  spiral  spring  of  moderate  tension  held  in  place  by  a  screw  or 
cotter-pin. 

To  drill  the  key  properly,  set  the  handle  parallel  with  the  long  way 
of  the  block  and  draw  three  lines  on  the  bottom  of  the  block  and  key 
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as  shown  in  Text-fig.  6.  Line  2  is  median,  and  lines  1  and  3  are 
parallel  and  ts  inch  from  2.  Turn  the  key  until  2  on  the  key  inter- 
sects 3  and  1  on  the  block  (Text-fig.  6a).  Drill  C  through  the  key. 
Then  turn  the  key  back  until  2  on  the  key  intersects  1  and  3  on  the 
block  (Text-fig.  6b),  or,  better,  until  the  exact  point  is  reached  at 
which  air  will  no  longer  pass  through  C.  Then  drill  B  and  D  through 
the  key.  This  is  the  position  of  the  key  for  full  ether.  Turning 
the  key  back  to  the  first  position,  it  will  be  discovered  that  C  (air) 
is  fully  open  and  B  and  D  are  just  closed.  Intermediate  positions  of 
the  key  handle  will  give  various  mixtures  of  ether  vapor  and  air. 
Square  up  the  holes  in  the  key  with  a  small  square  file.  A  dial  plate 
made  of  a  large  brass  washer  (Text-fig.  2)  may  be  attached  to  the 
block  by  machine  screws  and  cahbrated  mathematically  or  by  test  to 
show  the  proportion  of  ether-laden  air  in  tenths  of  the  total  volume. 
As  described,  the  valve  is  tapped  for  |  inch  pipe  fittings  as  follows : 

D,  short  pipe  for  tubing  from  the  source  of  the  air  supply. 

B  and  D',  close  nipple,  elbow,  short  pipe  for  tubing  to  the  ether  bottle. 

B',  short  nipple,  tee,  short  pipes  for  manometer  and  for  tubing  to  the  animal. 

The  test  of  the  valve's  efficiency  is  that  under  working  conditions 
it  shall  maintain  a  constant  pressure  in  the  mercury  manometer 
when  the  valve  handle  is  turned  slowly  between  full  ether  and  full 
air.  If  there  is  a  rise  in  the  pressure  in  the  direction  of  full  air,  the 
resistance  of  the  air  circuit  may  be  raised  to  that  of  the  ether  circuit 
by  screwing  in  the  plug  C  until  it  begins  to  cut  off  passage  F. 

SUMMARY. 

A  valve  is  described  for  the  control  of  ether  vapor  for  anesthesia 
which  regulates  the  mixture  of  ether  vapor  from  a  Woulfe  bottle 
with  air  in  any  proportion,  without  changing  the  volume  or  the 
pressure  at  which  the  mixture  is  delivered.  The  regulation  of  the 
air  stream  both  to  ^nd  from  the  ether  bottle  controls  the  mixture 
accurately  and  is  an  essential  feature  of  the  valve.  Except  for  ex- 
perimental purposes,  it  is  not  considered  profitable  to  determine  on  an 
arbitrary  scale  the  tension  of  the  ether  vapor  obtained,  because  the 
depth  of  the  anesthesia  should  always  be  judged  by  the  condition 
of  the  subject. 
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The  valve  was  devised  for  the  Meltzer-Auer  method  of  intratra- 
cheal insufflation,  but  it  is  adapted  for  use  wherever  a  constant 
mixture  of  air  and  ether  vapor  is  desired.  Several  respiration 
machines  for  supplying  and  intetrupting  the  air  stream,  using  this 
constant  volume  valve  for  the  regulation  of  the  ether  supply,  have 
been  in  use  in  Dr.  Meltzer's  laboratory  for  periods  up  to  2  years, 
and  the  simpHcity  and  efficiency  of  the  valve  have  been  thoroughly 
tested.  A  description  of  the  complete  machine  will  be  published 
later. 


THE   RELATION   OF  MOSQUITOES  AND   FLIES   TO   THE 
EPIDEMIOLOGY  OF  ACUTE  POLIOMYELITIS. 

By  HIDEYO  NOGUCHI,   M.D.,   Ax\d   ROKUSABURO  KUDO,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  March  15, 1917.) 

Of  several  hypotheses  concerning  the  mode  of  conveyance  of  polio- 
myelitis, that  of  direct  contact,  supported  by  Flexner,  appears  to 
be  the  only  one  which  stands  on  a  substantial  experimental  basis.^-^ 
Although  in  all  epidemics  instances  have  been  reported  in  which  more 
than  two  members  of  a  family  were  victims  of  the  disease,  as  a  rule 
only  one  out  of  several  children  in  a  family  is  attacked.  This  pecuHar 
feature  of  the  epidemiology  of  poliomyelitis  seemed  to  support  the 
theory  that  the  disease  may  be  inoculated  by  the  bite  of  an  infected 
insect  rather  than  transmitted  directly  from  one  indi\ddual  to 
another. 

Typical  examples  of  insect  transmission  of  disease  are  found  in  yeUow  fever, 
malaria,  spirochetoses,  trypanosomiases,  and  other  tropical  fevers.  Rosenau 
and  Brues'  in  1912  announced  their  success  in  transmitting  poUomyeUtis  from 
an  infected  to  a  normal  Macacus  monkey  by  means  of  the  bites  of  stable-flies 
(Stomoxys  calcitrans) .  Their  experiment  consisted  in  allowing  many  thousands 
of  the  flies  to  feed  first  on  an  infected  monkey  and  immediately  afterwards  on 
a  normal  monkey.  The  transmission  was  mechanical,  but  not  in  the  sense  of 
an  intermediary  host.     Anderson  and  Frosf*  confirmed  Rosenau's  finding  in  a 

^  Flexner,  S.,  The  mode  of  infection  and  etiology  of  epidemic  poUomyelitis, 
Am.  J.  Dis.  Child.,  1915,  ix,  353. 

^  Flexner,  The  nature,  manner  of  conveyance  and  means  of  prevention  of 
infantile  paralysis,  /.  Am.  Med.  Assn.,  1916,  Ixvii,  279. 

'  Rosenau,  M.  J.,  and  Brues,  C.  T.,  Some  experimental  observations  upon 
monkeys  concerning  the  transmission  of  poUomyelitis  through  the  agency  of 
Stomoxys  calcitrans,  Tr.  XV th  Internat.  Cong.  Hyg.  and  Detnography,  Washing- 
ton, 1913,  i,  616. 

*  Anderson,  J.  F.,  and  Frost,  W.  H.,  Transmission  of  poliomyeUtis  by  means 
of  the  stable  fly  (Stomo.vys  calcitrans).  Pub.  Health  Rep.,  U.  S.  Mar.  Hosp. 
Serv.,  1912,  xxvii,  332. 
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limited  number  of  instances,  and  then  later  failed  to  obtain  further  positive  re- 
sults. Howard  and  Clark^  were  unable  to  transmit  the  infection  from  an  in- 
fected to  a  normal  monkey  by  the  bites  of  Stomoxys  calcitrans.  The  peculiarity 
of  conveyance  of  the  infection  is  far  from  being  solved  by  the  theory  of  trans- 
mission by  these  blood- sucking  flies. 

The  most  plausible  hypothesis  so  far  advanced  seems  to  be  that  offered  by 
Amoss  and  Taylor,^  who,  having  experimentally  demonstrated  the  existence 
of  a  protective  principle  in  the  secretion  of  the  nasal  mucous  membranes  of  nor- 
mal individuals,  consider  that  the  incidence  of  infection  may  to  a  considerable 
extent  depend  upon  the  condition  of  these  mucous  membranes;  that  is,  as  long 
as  they  remain  intact,  the  virus  will  be  destroyed  before  it  can  become  estab- 
lished in  the  individual.  The  disturbance  of  this  natural  protective  mechanism 
exposes  to  infection,  but  not  the  presence  or  absence  of  the  virus  alone.  They 
were  able  to  show  that  the  protective  substance  in  question  was  more  generally 
and  abundantly  present  in  adults  than  in  young  children. 

The  sudden  disappearance  of  poliomyelitic  cases  with  the  return 
of  cold  weather  is  often  used  as  an  argument  in  favor  of  insect  trans- 
mission of  the  disease.  FHes  and  mosquitoes  have  constantly  been 
under  suspicion.  While  the  elimination  of  these  insects  from  our 
households  is  desirable  as  a  matter  of  routine  cleanliness,  yet  with- 
out a  systematic  experimental  investigation  they  should  not  be  ac- 
cepted as  a  factor  in  the  epidemiology  of  poliomyelitis.  Indeed, 
it  would  be  unwise  if,  through  a  misapprehension  of  the  facts,  the 
attention  of  health  officers  and  laity  alike  were  to  be  diverted  from 
the  real  source  of  danger. 

Scope  and  Mode  of  Experiments. 

The  question  whether  a  given  variety  of  insect  plays  a  part  in 
the  spread  of  poliomyelitis  is  within  reach  of  exact  determination, 
since  these  insects  are  amenable  to  artificial  propagation  through 
many  generations.  During  the  past  several  months,  we  have  been 
able  to  collect  and  propagate  in  tanks  in  the  laboratories  a  quan- 
tity of  Culex  pipiens  from  sewer  waters  near  Jersey  City'  and  in 

^Howard,  C.  W.,  and  Clark,  P.  F.,  Experiments  on  insect  transmission  of 
the  virus  of  poliomyelitis,  /.  Exp.  Med.,  1912,  xvi,  850. 

*  Amoss,  H.  L.,  and  Taylor,  E.,  Neutralization  of  the  virus  of  poliomyelitis 
by  nasal  washings,  J.  Exp.  Med.,  1917,  xxv,  507. 

'  We  are  greatly  indebted  to  Dr.  Headlee,  chief  entomologist  of  the  New  Jer- 
sey Agricultural  Experiment  Station,  at  New  Brunswick,  and  to  Dr.  Chidester 
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Queens  County,  Long  Island.  It  was  our  inteation  to  study  several 
well  known  genera  of  mosquitoes  at  the  same  time,  but  owing  to  the 
lateness  of  the  season,  none  of  the  Aedes  or  Anopheles  species  were 
available.  The  only  variety  which  we  were  able  to  obtain  was  Culex 
pipiens.  Experiments  were  also  performed  to  determine  whether  the 
common  house-fly  or  the  bluebottle  fly  is  able  to  take  up  the 
poliomyelitic  virus  and  make  it  increase  within  its  body. 

There  are  at  least  two  totally  different  ways  of  attacking  the 
problem.  The  first  method  is  to  feed  young  growing  larva?  with 
the  active  poliomyelitic  virus  by  putting  it  in  the  polluted  water 
in  which  they  are  being  grown.  When  the  adult  mosquitoes  have 
hatched  out,  they  may  be  allowed  to  feed  on  a  normal  Macacus 
monkey.  The  second  procedure  is  that  ordinarily  practised  by  in- 
vestigators and  consists  in  allowing  tlie  mosquitoes  to  feed  first  on 
an  infected  animal  and  then,  within  a  certain  length  of  time,  on  a 
normal  animal. 

The  experiments  with  non-biting  flies  had  to  be  carried  out  by 
still  another  method.  They  were  allowed  to  feed  on  the  nervous 
tissues  containing  an  enormous  amount  of  the  poliomyelitic  virus 
until  they  pupated.  Part  of  the  pupae  were  allowed  to  hatch.  Both 
the  pupae  and  the  imagos  were  then  crushed  together  and  the  emul- 
sion was  filtered  through  a  Berkpfeld  filter.  The  clear  filtrate  was 
introduced  intracerebrally  and  subsequent  events  were  observed. 

Experiments  with  Mosquitoes  Hatched  in  Polluted  Water  Experimen- 
tally Contaminated  with  the  Virus  of  Poliomyelitis. 

To  twelve  jars,  covered  with  a  wire  net  cage  and  containing  mos- 
quito larvae  of  various  ages  in  ordinary  stagnant  water,  were  added 
varying  amounts  of  the  brain  or  cord  emulsions  or  their  filtrates 
derived  from  two  monkeys  that  died  of  experimental  poliomyelitis. 
The  virus  was  introduced  every  24  hours  for  a  period  of  10  days. 
The  temperature  of  the  laboratory  was  kept  at  about  70°F.  and  the 

of  Rutgers  College,  New  Brunswick,  for  their  assistance  and  instruction  as  to 
the  propagation  of  mosquitoes  in  the  laboratory.  We  wish  to  express  our  grati- 
tude also  to  Mr.  Winchell  of  Rutgers  College,  who  assisted  us  in  collecting  the 
specimens  in  the  field. 
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relative  humidity  at  about  40  per  cent.  Numbers  of  adult  mos- 
quitoes, both  male  and  female,  hatched  out  from  the  jars  every 
day.  They  were  carefully  collected  and  used  for  transmission  ex- 
periments on  normal  monkeys.  The  rate  of  hatching  from  day  to 
day  is  shown  in  Table  I. 

TABLE   I. 


Date. 

Female. 

Male. 

J916 

Oct. 

31 

21 

20 

Nov 

1 

12 

9 

2 

11 

2 

3 

17 

8 

5 

10 

12 

6 

15 

8 

7 

30 

18 

8 

25 

9 

9 

13 

18 

Total 

154 

104 

The  first  transmission  experiment  was  performed  with  mosquitoes 
on  two  young  Macacus  rhesus  monkeys.  As  the  mosquitoes  attack 
the  monkeys  only  during  the  night,  the  experiment  was  begun  at 
dusk  and  discontinued  the  next  morning.  The  results  were  as  fol- 
lows: Of  150  females  and  60  males  put  into  the  cage,  114  females 
were  fully  engorged  with  the  blood,  23  females  were  apparently  not 
engorged,  and  52  males  were  still  living.  Some  of  the  mosquitoes 
had  been  killed  by  the  monkeys. 

Close  observation  was  maintained  on  the  monkeys  for  21  days, 
but  no  sign  of  poliomyeHtis  developed  nor  has  any  been  noticed  up 
to  the  present  time. 

Some  of  the  engorged  females  sooner  or  later  laid  eggs  and  perished, 
while  some  died  without  oviposition.  A  number  of  female  mos- 
quitoes hatched  out  of  the  egg  boats  and  also  from  the  virus-con- 
taining water  were  kept  alive  for  about  3  weeks  and  then  allowed 
to  bite  two  young  Macacus  monkeys.  There  were  about  40  well 
engorged  specimens  when  examined  the  following  morning.  The 
monkeys  showed  no  symptoms  of  poHomyehtis. 
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These  experiments  demonstrate  that  the  mosquitoes  raised  in 
water  containing  the  virus  of  poliomyeKtis  in  large  quantities  can- 
not transmit  the  infection  by  their  bites  to  normal  Macacus  monkeys. 
There  is  no  indication  that  the  virus  enters  and  multipUes  in  the 
body  of  mosquitoes,  even  if  3  weeks  are  allowed  to  elapse  between 
the  time  of  hatching  and  that  of  the  biting  experiment.  The  off- 
spring of  these  females  are  not  capable  of  transmitting  the  disease 
to  the  monkey. 

Experiments  to  Determine  Whether  the  Females  Well  Engorged  with 

the  Blood  of  Infected  Monkeys  Will  Ever  Be  Capable  of  Transmitting 

the  Infection   by.    Their  Bites  to  Normal  Macacus  Monkeys. 

In  order  to  decide  this  point,  eight  groups  of  mosquitoes,  some 
obtained  from  the  vicinity  of  Jersey  City,  and  some  from  Queens 
County,  Long  Island,  were  allowed  to  feed  on  several  Macacus  mon- 
keys inoculated  for  this  purpose.  To  insure  ourselves  of  including 
different  stages  of  the  infection,  feedings  were  made  every  24  hours 
after  the  inoculation  of  the  virus  into  the  monkeys  and  were  extended 
into  the  paralytic  stage,  which  of  course  varied  in  different  animals 
from  6  to  9  days,  according  to  the  activity  of  the  virus  and  the  quan- 
tity injected.  The  protocols  of  these  feeding  experiments  show 
the  time  which  elapsed  between  the  feedings  and  the  transmission 
experiments.  The  term  "feeding  mosquitoes"  is  used  merely  to 
denote  that  these  mosquitoes  have  sucked  blood  from  an  infected 
monkey. 

Four  out  of  the  eight  groups  were  tested  on  November  20;  that 
is,  1  to  2  weeks  after  the  time  of  feeding.  The  remaining  four  groups 
were  allowed  to  bite  after  having  been  kept  from  2  to  3  weeks.  It 
must  be  mentioned  that  the  engorged  females  do  not  survive  for  any 
length  of  time  after  oviposition,  and  comparatively  few  specimens 
remained  alive  in  the  second  series  of  groups. 

For  the  purpose  of  transmission  two  young  Macacus  monkeys 
were  employed  for  each  of  the  two  experiments  (Groups  1  to  4  and 
5  to  8).  We  also  inoculated  2  cc.  of  sterile  normal  horse  serum 
into  the  intrathecal  space  in  order  to  derange  the  protective  mechan- 
ism which  the  meninges  provide  against  the  penetration  of  the  virus 
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into  the  central  nervous  system  in  experimental  poliomyelitis  in 
monkeys.  It  may  be  recalled  that  Flexner  and  Amoss^  demonstrated 
that  a  fraction  of  the  virus,  intravenously  introduced,  will  readily 
localize  in  the  central  nervous  system  when  the  meninges  are  pre- 
viously disturbed  by  the  inoculation  of  various  substances,  although 
the  monkey  may  bear  a  multiple  of  such  doses  with  impunity  if  there 
has  been  no  previous  meningeal  injury. 

Group  1.  Feeding  Mosquitoes. — Nov.  13,  1916.  Adult  mosquitoes  hatched 
in  the  laboratory  from  the  larvae  collected  in  Queens  were  allowed  to  feed  on 
Macacus  rhesus  1  on  the  4th  day  of  experimental  poliomyelitis.  30  mosquitoes 
were  well  engorged  when  examined  the  next  morning.  Used  for  experiments 
on  Nov.  20,  or  in  7  days. 

Group  2.  Feeding  Mosquitoes. — Nov.  15,  1916.  Another  lot  of  adult  mos- 
quitoes hatched  in  the  laboratory  from  the  same  material  were  fed  on  the  same 
monkey  (No.  1)  on  the  6th  day  of  the  disease.  The  animal  showed  partial 
paralysis  of  the  limbs.  23  well  engorged  females  were  obtained.  Used  for 
experiments  on  Nov.  20,  or  in  5  days. 

Group  3.  Feeding  Mosquitoes. — Nov.  16,  1916.  Another  lot  of  adults  from 
a  similar  source  were  fed  on  the  same  monkey  (No  1)  on  the  7th  day  of  the  dis- 
ease. The  animal  was  completely  paralyzed.  17  engorged  females  were  col- 
lected.    Used  for  experiments  on  Nov.  20,  or  in  4  days. 

Group  4.  Feeding  Mosquitoes. — Nov.  7,  1916.  A  lot  of  adults  hatched  in 
the  laboratory  from  the  larvae  from  Queens  were  fed  on  Macacus  rhesus  2  on  the 
9th  day  of  the  disease.  25  engorged  females  were  obtained.  Used  for  experi- 
ments on  Nov.  20,  or  in  13  days. 

Group  5.  Feeding  Mosquitoes. — Dec.  4,  1916.  A  lot  of  adult  mosquitoes 
hatched  in  the  laboratory  from  the  larvae  secured  from  a  Jersey  City  suburb  were 
fed  on  two  Macacus  rhesus  monkeys,  Nos.  3  and  4,  on  the  7th  day  of  experimental 
poliomyelitis.  13  engorged  females  were  obtained.  Used  for  experiments  on 
Dec.  19,  or  in  15  days. 

Group  6.  Feeding  Mosquitoes. — Dec.  1,  1916.  A  lot  of  adult  mosquitoes 
hatched  in  the  laboratory  from  the  materials  gathered  in  the  neighborhood  of 
Jersey  City  were  fed  on  Macacus  rhesus  5  on  the  3rd  day  of  experimental  polio- 
myelitis. 34  engorged  females  were  obtained.  Used  for  experiments  on  Dec. 
15,  or  in  14  days. 

Group  7.  Feeding  Mosquitoes. — Nov.  24,  1916.  A  lot  of  adult  mosquitoes 
hatched  in  the  laboratory  from  the  material  from  Queens  were  fed  on  Macactis 
rhesus  6  on  the  2nd  day  of  the  disease.  45  engorged  females  were  obtained. 
Used  for  experiments  on  Dec.  15,  or  in  21  days. 

'Flexner,  S.,  and  Amoss,  H.  L.,  The  relation  of  the  meninges  and  choroid 
plexus  to  poliomyelitic  infection,  /.  Exp.  Med.,  1917,  xxv,  525. 
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Group  8.  Feeding  Mosquitoes. — Nov.  25,  1916.  A  lot  of  adult  mosquitoes 
hatched  in  the  laboratory  from  the  material  from  Queens  were  fed  on  Macacus 
rhesus  7  on  the  5th  day  of  the  disease.  The  animal  had  not  yet  become  para- 
lyzed. 20  engorged  females  were  collected.  Used  for  experiments  on  Dec.  15, 
or  in  20  days. 

The  results  of  the  experiments  were  negative,  in  spite  of  the  fact 
that  many  females  (about  fifty)  attacked  the  monkeys  and  became 
fully  engorged  with  the  blood  sucked  from  them. 

As  in  the  earlier  series  of  experiments,  many  of  these  engorged 
females  oviposited  and  gave  rise  to  a  new  generation  of  larvai.  It 
was  easy  to  propagate  them  in  the  laboratory  for  an  indefinite  pe- 
riod. These  offspring  were  in  turn  allowed  to  bite  a  normal  mon- 
key, but  so  far  no  positive  transmission  of  the  infection  by  their 
bites  has  resulted. 

Experiments  with  Non-Biting  Flies  Reared  in  the  Laboratory  with  an 
Abundant  Quantity  of  Poliomyelitic  Virus. 

Non-biting  adult  fhes  may  mechanically  carry  the  virus  of  poUo- 
myelitis  just  as  they  do  various  pathogenic  microorganisms.^  But 
no  experimental  evidence  has  been  adduced  to  prove  whether  the 
virus  can  penetrate  into  the  interior  of  the  fly  larvae  when  the  latter 
are  fed  on  the  pohomyeUtic  material,  or,  if  it  does,  whether  it  is  ca- 
pable of  multipKcation  within  the  body  cavity  of  the  larvae.  The 
question  here  is  not  the  same  as  that  of  blood-sucking  flies  or  mos- 
quitoes, which  may  be  the  intermediary  hosts  as  well  as  the  direct 
transmitters  of  the  virus  by  their  bites.  But  in  the  case  of  non-biting 
flies,  though  the  virus  may  multiply  in  their  bodies,  its  distribution 
must  depend  upon  their  well  known  habits  of  gathering  about  food 
or  persons  while  they  regurgitate,  resuck,  and  excrete.  In  this  way 
the  question  of  the  non-biting  flies  as  intermediary  hosts  of  the  virus 
would  be  quite  as  important  as  that  of  the  biting  varieties. 

In  the  present  experiment,  a  number  of  young  larvae  of  house-flies 
{Musca  domestica)  and  of  bluebottle  flies  {Calliphora  vomitoria)  were 
fed  with  the  brain  tissue  of  a  Macacus  rhesus,  which  had  died  of  ex- 

8  Flexner,  S.,  and  Clark,  P.  F.,  Contamination  of  the  fly  with  poliomyelitis 
virus.    Tenth  note,  J.  Am.  Med.  Assn.,  1911,  Ivi,  1717. 
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perimental  poliomyelitis  with  typical  symptoms  and  pathological 
findings.  The  activity  of  the  material  used  was  established  in  a 
subsequent  experiment. 

Group  1. — Nov.  23,  1916.  About  50  house-fly  larvae  were  put  on  several 
slices  of  the  fresh  poUomyelitic  monkey  brain  (No.  1).  The  larvae  eagerly  pene- 
trated into  the  nervous  tissue  as  if  trying  to  shield  themselves  from  the  light. 
At  room  temperature  the  tissue  underwent  a  putrefactive  decomposition  within 
24  hours,  so  the  larvae  had  to  be  placed  on  a  fresh  lot  of  the  virus-containing 
brain.  When  left  in  the  decomposed  mass  of  tissue,  many  larvae  died.  After 
being  fed  on  the  poUomyeUtic  brain  for  about  6  days,  the  larvae  became  pupae. 
After  pupation,  they  were  left  with  the  brain  tissue  for  several  days  longer  and  then 
washed  from  the  tissue  and  removed  to  the  refrigerator. 

Group  2. — Nov.  28,  1916.  Another  lot  of  house-fly  larvae  were  similarly  fed 
with  pohomyehtic  brain  emulsion  (No.  1)  for  6  days.  Pupation  took  place  on 
Dec.  4.    The  pupae  were  washed  and  removed  to  the  refrigerator  on  Dec.  9. 

Group  3. — Nov.  23,  1916.  25  larvae  of  bluebottle  flies  were  fed  on  several 
sUces  of  brain  tissue  from  a  Macacus  rhesus  which  had  died  of  poliomyelitis. 
The  larvae  attacked  the  tissue  vigorously  and  within  24  hours  seemed  to  have 
consumed  a  great  deal  of  it.  Unhke  the  house-fly  larvae,  they  feed  on  dead 
flesh  or  meat  during  their  larval  stage,  but  it  was  necessary  to  put  them  on  fresh 
material  every  24  hours  in  order  to  protect  them  from  the  deadly  effect  of  the 
decomposed  nervous  tissue.  Pupation  occurred  on  Dec.  7.  After  several  days, 
the  pupae  were  washed  and  removed  to  the  refrigerator. 

For  the  purpose  of  obtaining  adult  flies  from  the  infected  pupae, 
a  dozen  specimens  from  each  lot  were  put  in  a  Petri  dish  and  left 
at  80°  F.  Imagos  hatched  within  about  12  days.  These  and  the 
pupas  were  used  for  the  experiment  described  below. 

Preparation  of  Filtrate  of  the  Infected  Pupce  and  Imagos  of  the 
House-Fly  and  the  Bluebottle  Fly. 

70  house-fly  pupae,  Groups  1  and  2. 1  „,  •  v  ^  i  ^/r 
lo       u         •  u      1    u    9    ^  Weight  1.36  gm. 

12        "         imagos,  1    "    2.  J 

15  bluebottle  fly  pupae.  Group      3.1        <,      ^g-  ,< 

6       "  "  imagos,     "3./ 

These  were  mixed  together  and  thoroughly  ground  up  in  a  mortar,  22  cc.  of  0.9 
per  cent  saline  solution  being  added.  The  milky  emulsion  thus  obtained  was 
briefly  centrifuged  at  a  low  speed  to  separate  the  coarse  particles  from  the  fluid. 
The  latter  was  then  passed  through  a  sterile  Berkefeld  filter  V,  the  result  being 
a  clear  and  sterile  filtrate. 
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Animal  Inoculation. — A  Macacus  rhesus  was  inoculated  intracerebrally  with 
3  cc.  of  the  above  filtrate  on  Dec.  16,  1916.  The  result  was  negative,  no  symp- 
toms suggestive  of  poliomyelitis  having  been  observed. 

The  foregoing  experiment  indicates  that  it  is  improbable  that  the 
virus  of  poliomyelitis  is  taken  up  by  fly  larva?  and  multiplies  therein. 
Not  only  does  the  virus  fail  to  multiply,  but  probably  it  is  rapidly 
destro^'ed  wdthin  the  body  of  the  insects.  The  notion  that  these 
non-biting  flies  may  act  as  intermediary  hosts  or  a  virus  reservoir 
is  not  justified  by  the  evidence  brought  out  in  the  present  study. 

SUMMARY. 

1.  Culex  pipiens  raised  from  the  larval  stage  in  water  experimen- 
tally contaminated  with  an  abundance  of  poliomyelitic  virus  were 
found  to  be  incapable  of  causing  the  infection  when  allowed  in  large 
numbers  to  bite  normal  Macacus  monkeys. 

2.  Culex  pipiens  which  were  fed  on  infected  poloimyeHtic  monkeys 
during  dift'erent  stages  of  the  disease  were  found  to  be  incapable  of 
transmitting  the  infection  when  allowed  in  large  numbers  to  bite 
normal  Macacus  monkeys.  A  pre\dous  disturbance  of  the  meninges 
by  an  injection  of  horse  serum  into  the  intrathecal  space  did  not  alter 
the  result,  which  was  negative. 

3.  The  offspring  of  the  mosquitoes  which  were  either  reared  in  the 
infected  tanks  or  fed  on  infected  monkeys  were  found  to  be  entirely 
harmless  when  allowed  to  feed  in  large  numbers  on  a  normal  mon- 
key. There  was  no  hereditary  transmission  of  the  xirus  from  one 
generation  to  another. 

4.  No  trace  of  the  N-irus  of  poliomyehtis  was  demonstrable  in  the 
filtrate  of  an  emulsion  of  adult  flies  and  pupas  of  the  common  house- 
fly and  bluebottle  fly  which  were  reared  in  the  laboratory  on  slices, 
emulsion,  or  filtrate  of  monkey  brain  containing  the  poliomyelitic 
virus.  The  intracerebral  injection  of  the  filtrate  produced  no 
poliomyelitic  infection  in  the  normal  monkey. 


NEW  ANAEROBIC   METHODS.* 

By  WILSON  G.  SMILLIE,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plate  8. 
(Received  for  publication,  March  12,  1917.) 

The  methods  commonly  used  for  the  cultivation  of  anaerobic 
microorganisms  are  far  from  satisfactory.  This  applies  to  the  par- 
tial anaerobes,  such  as  the  tetanus  bacillus  or  Bacillus  hotulinus, 
but  is  particularly  true  of  the  absolute  anaerobes,  such  as  Treponema 
pallidum  or  the  globoid  bodies  of  poliomyelitis. 

The  vacuum  jar  described  by  Noguchi^  in  his  method  for  the  cul- 
tivation of  Treponema  pallidum  has  proved  satisfactory  in  his  hands, 
but  requires  a  very  strong  desiccator,  accurately  ground,  and  a  special 
type  of  vacuum  pump.  The  American  desiccators  which  I  have 
obtained  during  the  past  2  years,  however,  have  either  been  so  poorly 
ground  that  they  would  not  hold  a  vacuum,  or  else  they  were  so 
poorly  made  that  they  collapsed  when  subjected  to  vacuum. 

After  many  trials,  my  difficulties  were  finally  overcome  through 
utilization  of  the  suggestions  of  Laidlaw,^  who  used  a  catalyzer  oi 
oxygen  and  hydrogen  in  the  preparation  of  anaerobic  culture  tubes. 
Mcintosh  and  Fildes^  developed  the  use  of  the  catalyzer  in  making 
an  anaerobic  container,  the  "Mcintosh  bomb,"  but  neither  of  these 
methods,  useful  as  they  are  for  the  purposes  for  which  they  were 
devised,  were  suitable  to  our  needs,  and  were  therefore  modified. 

All  the  anaerobic  methods  to  be  described  depend  upon  the  catal}'tic 
action  of  platinized  asbestos  upon  oxygen  and  hydrogen  when  they 
are  brought  into  contact. 

*  This  work  was  done  under  the  tenure  of  a  William  O.  Moseley  Travelling 
Fellowship  from  Harvard  University. 
1  Noguchi,  H.,  /.  Exp.  Med.,  1911,  xiv,  99. 
-Laidlaw,  P.  P.,  Brit.  Med.  J.,  1915,  i,  497. 
^  Mcintosh.  J.,  and  Fildes,  P.,  Lancet,  1916,  i,  768. 
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Methods  for  Anaerobic  Test-Tubei. 

The  simplest  method  is  used  in  the  cultivation  upon  agar  slants 
of  such  relative  anaerobes  as  the  tetanus  bacillus  or  Bacillus  hotulinus 
and  is  similar  to  the  method  described  by  Laidlaw.  Platinized 
asbestos  is  first  prepared  in  the  usual  way,  or  it  may  be  purchased 
from  any  laboratory  supply  house.  A  small  mass  of  the  catalyzer 
is  firmly  fixed  at  the  end  of  a  platinimi  wire  by  coiling  the  wire  about 
it.  The  other  end  of  the  wire  is  inserted  into  a  short  glass  rod,  and 
the  rod  is  inserted  into  a  No.  1  one-hole  rubber  stopper.  The  appara- 
tus is  wrapped  in  a  package  and  autoclaved. 

The  water  of  condensation  is  removed  from  a  plain  agar  slant, 
the  tube  inoculated,  inverted,  the  cotton  plug  removed,  and  the- 
tube  filled  with  hydrogen  by  means  of  a  sterile  capillary  pipette. 
The  hydrogen  may  be  obtained  from  a  Kipp  generator,  or  more 
satisfactorily  from  a  hydrogen  tank.  It  should  be  passed  through 
a  series  of  wash  bottles  containing  sUver  nitrate,  sulfuric  acid,  potas- 
sium permanganate,  and  lead  acetate  to  remove  all  impurities. 

After  allowing  the  hydrogen  to  fill  the  inverted  inoculated  test- 
tube,  the  platinized  asbestos  is  heated  for  a  moment  in  a  free  flame, 
the  rubber  stopper  is  inserted  firmly  into  the  inverted  tube,  and  the 
end  of  the  tube  dipped  into  melted  paraffin. 

The  catalyzer  glows  for  a  second  or  two  as  the  hydrogen  and  oxy- 
gen are  actively  united,  and  the  water  formed  is  deposited  upon  the 
surface  of  the  tube.  The  process  is  now  complete,  and  the  tube  is 
ready  for  incubation. 

This  is  essentially  the  method  devised  by  Laidlaw  and  is  very 
satisfactory  for  the  growth  of  the  usual  anaerobes.  The  tetanus 
bacillus,  for  example,  grows  upon  an  agar  slant  in  a  thick,  felt-like 
mass,  in  the  profusion  of  its  growth  resembling  a  culture  of  Bacillus 
suhtilis.  It  was  necessary  to  devise  a  more  strictly  anaerobic  method 
for  our  work,  however,  for  Laidlaw's  method  could  not  always  be 
relied  upon  to  remove  all  traces  of  oxygen  in  the  air,  nor  does  it  re- 
move the  oxygen  from  the  surface  of  the  media  itself.  The  follow- 
ing method  was  devised  to  remove  all  the  oxygen  and  has  proved 
very  satisfactory. 

Two  lengths  of  No.  22  nichrome  wire,  6  cm.  long,  are  separately 
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fused  into  a  glass  tube  so  that  they  are  insulated  (Text-fig.  1,  A),  and 
the  glass  tube,  B,  closed  at  each  end,  is  passed  through  a  one-hole 
rubber  stopper,  C.  To  the  lower  ends  of  the  nichrome  wire  is  attached 
a  coil  of  fine  (No.  31)  nichrome  wire,  D,  thus  completing  the  circuit. 
In  the  coils  of  the  fine  wire  is  placed  a  small  mass  of  platinized  as- 
bestos, E.     The  apparatus  is  placed  in  a  package  and  autoclaved. 


Text-Fig.  1.     Sketch  of  anaerobic  apparatus  for  the  cultivation  of  absolute 
anaerobes  in  test-tubes. 


A  large  test-tube,  20  by  1.5  cm.  is  used,  to  which  10  cc.  of  media 
are  added,  sterilized,  and  slanted.  The  water  of  condensation  is 
removed  and  the  tube  inoculated.  The  tube  is  inverted,  the  cotton 
plug  removed,  and  the  tube  filled  with  hydrogen  by  means  of  a  sterile 
capillary  pipette.  The  platinized  asbestos  mass,  E,  is  heated  for 
a  moment  in  a  free  flame,  and  the  rubber  stopper,  C,  is  then  firmly 
inserted  into  the  inverted  tube  and  the  end  of  the  tube  dipped  in 
melted  paraffin.  The  tube  may  now  be  placed  in  an  upright  posi- 
tion and  sufficient  electric  current  applied  to  the  free  ends  of  the 
wire  to  heat  the  fine  nichrome  wire  wrapped  about  the  platinized  as- 
bestos to  a  red  heat.     The  catalyzer  is, thus  heated,  and  the  free 
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oxygen  and  hydrogen  unite  to  form  water.  The  tube  is  set  aside 
for  I  to  1  hour,  then  the  platinized  asbestos  is  reheated  in  order  to 
ignite  any  residual  oxygen.    The  tube  may  now  be  incubated. 

The  method  is  very  useful  in  growing  all  anaerobes,  for  the  oxy- 
gen is  always  removed,  whereas  the  Laidlaw  method  frequently 
fails.  It  is  particularly  useful  for  the  cultivation  of  the  stricter 
anaerobes.  By  this  method  the  fusiform  bacillus,  for  example, 
which  is  more  strictly  anaerobic  than  the  tetanus  bacillus,  grows 
profusely  in  a  thick,  felt-like  mass.  By  using  this  technique  the 
organism  of  poliomyelitis  grows  upon  ascitic  agar  slants,  though 
much  more  slowly  than  other  organisms;  in  fact,  no  growth  is  seen 
for  4  to  5  days,  but  at  the  end  of  6  to  7  days,  definite,  tiny,  raised, 
glistening  colonies  appear.  These  grow  larger  and  larger,  so  that 
at  the  end  of  12  to  14  days  a  definitely  circumscribed,  raised,  opales- 
cent colony  is  seen,  some  of  these  colonies  even  becoming  as  large 
as  1  mm.  in  diameter.  In  no  instance  was  a  growth  of  the  globoid 
bodies  of  poliomyelitis  obtained  from  the  original  material — brain 
and  cord— but  only  from  the  fluid  culture  tubes  of  globoid  bodies 
which  had  been  growing  in  ascitic  fluid  media  for  several  generations. 

Method  for  an  Anaerobic  Jar. 

The  chief  problem  with  which  I  was  concerned,  however,  was 
the  construction  of  an  anaerobic  jar,  to  be  used  as  a  container  for 
a  large  number  of  tubes  in  the  isolation  of  the  organism  of  poliomye- 
litis from  the  infected  brain  and  other  tissues.  All  m.ethods  used 
for  the  cultivation  of  the  globoid  bodies  failed  in  my  hands  until 
the  jar  described  below  was  devised. 

The  jar  used  is  an  ordinary  museum  specimen  jar  (Fig.  1)  about 
30  cm.  high  and  with  an  inside  diameter  of  12.5  cm.  Two  holes, 
1.5  cm.  in  diameter,  are  ground  in  the  cover,  and  into  each  hole  is 
firmly  inserted  a  No.  4  one-hole  rubber  stopper,  carrying  a  ground 
glass  "angle"  stop-cock.  To  one  of  the  stop-cocks  is  attached  a 
rubber  tube,  at  the  end  of  which  is  a  short  piece  of  glass  tube  which 
reaches  to  the  bottom  of  the  jar.  To  the  other  stop-cock  is  attached, 
by  a  short  rubber  tube,  a  glass  bulb,  2  cm.  in  diameter,  which  has 
been  blown  on  the  end  of  a  capillary  glass  tube.  The  glass  bulb 
is  perforated  with  5  to  6  holes,  2  mm.  in  diameter,  and  is  filled  with 
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platinized  asbestos.     The  details  of  this  apparatus  are  shown  in 
Text-fig.  2. 


Rubber  stopper 


•Connecting  robber  tube 


Gldasbulb  conldinin^ 
pldlinized  asbe5to5 

2mm.p€rrordtions 


Text-Fig.  2,    Detail  of  the  platinized  asbestos  bulb  for  the  anaerobic  jar. 

Cultures  are  inoculated  and  placed  in  a  glass  tumbler,  which  is 
then  placed  in  the  jar,  to  which  100  cc.  of  a  10  per  cent  pyrogallic 
acid  solution  have  been  added. 
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The  glass  bulb  containing  the  platinized  asbestos  is  heated  over 
the  free  flame  for  a  few  seconds,  and  the  cover  is  then  cemented  on. 
A  rubber  ring,  0.5  cm.  thick,  is  placed  between  the  jar  and  cover,  all 
surfaces  are  cemented  with  Major's  glass  cement,  and  the  metal  clamp 
is  screwed  down  with  thumb  and  forefinger.  The  stop-cock  to  which 
the  glass  bulb  is  connected  is  placed  on  the  vacuum  pump,  and  gentle 
suction  is  applied  for  2  to  3  seconds  in  order  to  insure  a  good  initial 
flow  of  hydrogen  and  thus  ignite  the  platinized  asbestos  at  once. 
The  stop-cock  is  now  closed  and  attached  to  the  hydrogen  apparatus, 
and  the  gas  is  allowed  to  enter.  This  should  be  done  carefully  at 
first  in  order  that  an  excess  of  hydrogen  does  not  enter  at  once;  for 
the  gas  should  be  burned  as  rapidly  as  it  enters  the  jar.  The  platin- 
ized asbestos  will  soon  be  seen  to  glow  and  from  this  time  hydrogen 
and  oxygen  will  slowly  unite,  and  the  water  formed  will  be  deposited 
on  the  sides  of  the  jar.  When  all  the  oxygen  has  united  with  the 
hydrogen,  the  platinized  asbestos  will  become  cool,  but  the  hydrogen 
will  continue  to  enter  the  jar  until  all  the  space  formerly  occupied 
by  oxygen  is  replaced  by  hydrogen.  The  result  is  a  hydrogen-nitrogen 
jar  under  approximately  atmospheric  pressure.  The  whole  process 
should  take  about  15  minutes. 

In  order  to  have  an  index  of  the  completeness  of  anaerobiosis 
the  second  stop-cock  is  connected  with  a  bottle  of  20  per  cent  sodium 
hydrate,  freshly  washed  with  hydrogen.  By  means  of  slight  suc- 
tion through  the  first  stop-cock,  25  cc.  of  the  sodium  hydrate  solu- 
tion are  drawn  into  the  jar.  Both  stop-cocks  are  now  closed,  the 
ends  sealed  with  cement,  and  the  jar  is  incubated. 

If  the  jar  is  satisfactory,  the  mixture  of  sodium  hydrate  and  p3a"0- 
gallic  acid  will  remain  colorless  indefinitely.  This  solution  should 
not  be  relied  upon  to  absorb  any  remaining  traces  of  oxygen,  but  is 
simply  an  indicator  of  the  presence  of  oxygen,  and  if  it  becomes  dis- 
colored, there  has  been  a  mistake  in  technique,  and  the  jar  is  unsatis- 
factory; therefore  the  cover  should  be  removed,  and  the  process 
repeated. 

Method  for  Blake  Bottles  and  Flasks. 

The  use  of  the  platinized  asbestos  in  a  perforated  glass  bulb  has 
been  applied  to  mass  cultures  of  anaerobes  in  flasks  or  Blake  bottles. 
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The  Blake  bottle  is  useful  when  large  amounts  of  an  anaerobic  organ- 
ism, such  as  the  tetanus  bacillus,  are  desired,  and  is  particularly- 
useful  when  a  differential  anaerobic  plate  is  desired  as,  for  example, 
in  the  isolation  of  anaerobes  from  the  pus  of  infected  wounds. 

A  ground  glass  stop-cock  of  the  usual  type  is  inserted  through  a 
No.  3  one-hole  rubber  stopper.  A  heavy  glass  bulb,  1  cm.  in  diameter, 
is  blown  at  the  end  of  the  stop-cock,  and  five  or  six  small  perforations 
are  made  in  the  bulb.  The  bulb  is  then  filled  with  platinized  asbestos, 
and  the  whole  apparatus  autoclaved. 

The  Blake  bottle  is  inoculated,  the  platinized  asbestos  heated  in 
a  free  flame,  and  the  rubber  stopper  tightly  inserted  into  the  bottle. 
Slight  vacuum  is  then  produced  in  the  bottle  by  gentle  suction,  in 
order  to  insure  a  good  flow  of  hydrogen.  The  stop-cock  is  connected 
with  the  hydrogen  generator  and  the  gas  allowed  to  enter.  The 
catalyzer  glows  for  a  few  minutes,  then  cools,  and  in  5  minutes  the 
oxygen  has  been  replaced  by  hydrogen,  and  the  process  is  complete. 

The  use  of  the  perforated  bulb  has  not  proved  satisfactory  in  single 
test-tubes  because  of  the  small  air  space. 

The  methods  are  simple,  rapid,  clean,  and  efi&cient.  They  are  not 
expensive,  for  only  a  small  amount  of  platinized  asbestos  is  needed, 
and  the  material  may  be  used  repeatedly  without  deterioration. 
It  would  at  first  appear  that  there  might  be  some  danger  of  explo- 
sion in  the  jar,  but  such  is  not  the  case.  The  hydrogen  ignites  as 
soon  as  it  enters  the  jar  so  that  there  is  never  an  excess  of  hydrogen 
in  the  container.  As  the  hydrogen  and  oxygen  unite  to  form  water, 
a  slight  vacuum  is  formed  and  this  vacuum  insures  a  continuous 
gentle  flow  of  hydrogen  until  all  the  oxygen  has  been  replaced. 

The  precautions  to  be  taken  are  as  follows:  (1)  Allow  the  hydro- 
gen to  enter  the  jar  slowly,  (2)  Be  sure  that  the  hydrogen  is  cata- 
lyzed as  it  enters,  as  e^'idenced  by  the  glowing  of  the  asbestos.  After 
the  glow  has  once  appeared  the  remainder  of  the  process  will  con- 
tinue gently  and  completely.  (3)  Do  not  disconnect  the  apparatus 
while  the  process  is  taking  place,  for  there  is  a  slight  vacuum  in 
the  jar  which  has  only  partially  been  replaced  by  hydrogen,  and  if 
air  is  allowed  to  rush  in  over  the  catalyzer,  there  is  a  possibility  of 
a  slight  explosion. 

The  results  that  have  been  obtained  by  the  use  of  these  methods, 
particularly  the  anaerobic  jar,  will  be  published  in  a  subsequent  paper. 
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CONCXUSIONS. 

1.  Anaerobic  methods  have  been  devised  which  depend  upon  the 
catalytic  action  of  platinized  asbestos  upon  hydrogen  and  oxygen. 

2.  The  methods  may  be  utilized  for  the  growth  of  anaerobes  in 
test-tubes,  upon  Blake  bottles,  in  flasks,  and  in  a  large  container. 

3.  Because  oxygen  is  so  completely  removed,  the  methods  are  of 
great  value  in  the  successful  cultivation  of  absolute  anaerobes. 

EXPLANATION  OF  PLATE  8. 
Fig.  1.  Anaerobic  jar  with  platinized  asbestos  bulb. 
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Fig.  1. 


(Smillie:  New  anaerobic  methods.) 


METHODS   FOR   THE   DETERMINATION   OF 
PNEUMOCOCCUS   TYPES.* 

By   FRANCIS   G.   BLAKE,   M.D. 
(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  March  10,  1917.) 

It  has  been  shown  by  Cole^  and  his  associates  that  75  to  80  per  cent  of  cases 
of  lobar  pneumonia  in  adults  are  caused  by  three  fixed  types  of  highly  parasitic 
pneumococci  which  can  be  differentiated  readily  by  immunological  methods, 
and  that  the  remaining  20  to  25  per  cent  of  cases  are  caused  by  a  heterogeneous 
group  of  serologically  independent  varieties  of  pneumococci.  These  types  have 
been  classified  by  Dochez  and  Gillespie-  primarily  by  means  of  animal  protection 
experiments  into  Groups  I,  II,  III  {Pnenmococcus  mucosus),  and  IV  (hetero- 
geneous group).  It  has  been  shown  that  classification  by  agglutination  corre- 
sponds to  the  classification  by  animal  protection.  Avery'  has  further  shown 
that  there  is  a  considerable  group  of  pneumococci  which  are  related  to  Group 
II  organisms  in  that  mice  are  protected  against  infection  with  such  atypical 
Group  II  pneumococci  by  Type  II  antipneumococcus  immune  serum  and  in 
that  such  pneumococci  are  agglutinable  by  Type  II  immune  serum,  though  less 
rapidly  and  completely  than  Type  II  pneumococci.  Immune  sera  prepared 
by  the  immunization  of  animals  against  such  atypical  Group  II  pneumococci, 
however,  fail  to  agglutinate  Type  II  organisms  or  to  protect  mice  against  infec- 
tion with  Type  II  strains.  These  atj^jical  Group  II  pneumococci  have  been 
classified  as  Subgroups  Ila,  lib,  and  IIx  (heterogeneous).  No  such  atypical 
strains  have  been  encountered  in  Groups  I  or  III.  Statistical  studies  have  shown 
that  the  mortality  rate  in  pneimionia  varies  with  the  type  of  pneumococcus 
causing  the  disease,  the  percentage  of  deaths  in  each  group  being  fairly  constant 
from  year  to  year.  In  a  series  of  400  cases'*  not  receiving  specific  serum  treat- 
ment the  mortality  rate  was  as  foUows:  Group  I,  25.2  per  cent;  Group  II,  28 
per  cent;  Group  III,  56  per  cent;  Group  IV,  14  per  cent.    These  facts  have  be- 

*  This  work  was  done  under  the  tenure  of  a  Williarn  O.  Moseley  Travelling 
Fellowship  from  Harvard   University. 

^Cole,  R.,  Arch.  Int.  Med.,  1914,  xiv,  56;  N.  Y.  Med.  J.,  1915,  ci,  1,  58;  Ti. 
Cong.  Am.  Phys.  and  Surg.,  1916,  x,  138. 

2  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  Ixi,  727. 

3  Avery,  O.  T.,  /.  E.xp.  Med.,  1915,  xxii,  804. 

"Moore.  H.  F.,  and  Chesney,  A.  M.,  Arch.  Int.  Med.,  1917,  xix,  611. 
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come  a  valuable  guide  in  prognosis  and  have  provided  a  basis  for  rational  specific 
serum  therapy  in  lobar  pneumonia  which  at  present  has  been  successfully  de- 
veloped for  cases  of  pneumonia  caused  by  Type  I  pneumococci. 

The  determination  of  pneumococcus  types  in  cases  of  lobar  pneu- 
monia is  rapidly  coming  into  extended  use  because  of  its  value  as  a 
prerequisite  for  specific  serum  treatment  and  in  the  field  of  prognosis. 
It  is  essential  that  a  reliable  and  standard  technique  for  the  deter- 
mination of  types  should  be  used  and  that  the  method  should  be  as 
rapid  as  possible  in  order  that  serum  treatment,  when  indicated, 
may  be  instituted  at  the  earliest  possible  moment. 

The  method  in  common  use  consists  in  the  intraperitoneal  injec- 
tion into  a  mouse  of  a  specimen  of  the  patient's  sputum.  By  this 
means  a  rapid  growth  of  the  pneumococcus  is  obtained  while  other 
secondary  organisms  are  usually  inhibited.  After  a  suitable  inter- 
val, varying  in  the  individual  case  from  5  to  24  hours  as  determined 
by  preliminary  peritoneal  puncture  with  a  capillary  pipette,  the 
mouse  is  killed  and  the  peritoneal  exudate  is  washed  out  with  4  to  5 
cc.  of  normal  salt  solution.  The  leukocytes  and  fibrin  are  removed 
from  the  peritoneal  washings  by  centrifugalization  at  low  speed; 
the  supernatant  bacterial  suspension  is  decanted  into  a  second  centri- 
fuge tube  and  whirled  at  high  speed  until  the  bacteria  are  thrown 
down.  This  supernatant  fluid  is  discarded,  and  the  bacterial  sedi- 
ment resuspended  in  normal  salt  solution.  The  type  of  pneumococcus 
present  is  then  determined  by  macroscopic  agglutination  tests  with 
undiluted  antipneumococcus  immune  serum.  At  the  time  of  mouse 
autopsy  cultures  of  the  peritoneal  exudate  and  heart's  blood  are 
made  in  broth  and  on  blood  agar  plates  for  subsequent  confirmation 
of  the  determination  of  type  made  on  the  peritoneal  washings. 

Certain  factors  have  interfered  with  the  rapid  determination  of 
types  by  this  method  in  an  appreciable  number  of  cases.  The  most 
frequent  difficulty  encountered  has  l)een  the  growth  of  secondary 
organisms  in  the  peritoneal  exudate  together  with  the  pneumococcus, 
notably  Bacillus  influeiizcc  and  less  frequently  Micrococcus  catarrhalis, 
staphylococci,  streptococci,  and  Bacillus  typhi  murium.  When 
this  occurs  agglutination  of  the  pneumococci  present  is  cither  in- 
hibited or  markedly  delayed,  or  spontaneous  agglutination  occasion- 
ally occurs  in  all  tubes.     A  delay  of  18  to  24  hours  results  until  ag- 
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glutination  tests  can  be  made  on  pure  cultures  of  the  pneumococcus 
obtained  from  cultures  made  of  the  heart's  blood  at  the  tune  of  mouse 
autopsy.  When  Bacillus  influenza  or  Bacillus  typhi  murium  are 
present  in  the  peritoneal  exudate  they  are  usually  present  also  in 
the  heart's  blood  cultures  and  further  delay  takes  place  through  the 
necessity  of  fishing  and  culturing  pneumococcus  colonies  from  the 
blood  agar  plate. 

A  further  difiiculty  which  has  been  encountered  recently  with  the 
agglutination  technique  commonly  used  has  been  the  occurrence 
of  a  small  number  of  strains  of  pneumococci  properly  belonging  in 
Group  IV  which  agglutinate  in  all  three  types  of  antipneumococcus 
serum.  The  character  of  the  agglutination  is  less  rapid  and  less 
complete  than  that  which  occurs  with  the  fixed  types  of  pneumococci, 
resembling  the  agglutination  of  Subgroup  II  pneumococci  by  Type 
II  serum.  This  phenomenon  of  cross  agglutination  is  one  that  might 
be  expected  from  our  knowledge  of  other  bacterial  groups  and  it 
in  no  way  invalidates  the  classification  of  the  parasitic  pneumococci 
into  sharply  defined  immunological  groups.  It  rather  indicates  that 
with  the  use  of  undiluted  serum  of  high  agglutinin  titer  a  zone  of 
non-specific  reaction  is  encountered.  While  only  a  relatively  small 
number  of  pneumococcus  strains  exhibit  the  phenomenon  of  cross 
agglutination,  it  has  been  shown  by  the  more  delicate  precipitin 
test  that  a  limited  zone  of  non-specific  reaction  exists  for  strains  of 
pneumococci  of  all  four  groups.  It  is  necessary  to  give  but  one 
protocol  of  a  considerable  series  to  demonstrate  this  (Table  I). 

TABLE  I. 

Determination  of  the  Zone  of  N on-Specific  Precipitin  Reaction,  Using  Pneumococcus 
Type  II  Antigen  and  Antipneumococcus  Immune  Sera  I,  II,  and  III. 


Type  II  antigen  O.S  cc. 


Serum     I  (1:10)  0.5  cc 

II  (1:10)  0.5  "     

"      III  (1:10)  0.5  "     

Normal  horse  serum  (1 :10)  0.5  cc 
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The  reactions  were  read  after  2  hours  at  37°C.  and  over  night  on 
ice.  Pneumococcus  II  antigen  was  prepared  by  drying  in  vacuo 
the  washed  pneumococci  from  an  18  hour  1,000  cc.  bouillon  culture. 
The  dried  bacterial  bodies  were  taken  up  in  salt  solution  (10  mg. 
per  cubic  centimeter)  and  the  suspension  was  repeatedly  frozen  and 
thawed  until  a  faintly  opalescent  fluid  free  from  bacterial  bodies 
was  obtained.  Dilutions  of  the  antigen  were  made  in  0.85  per  cent 
salt  solution. 

From  Table  I  it  is  evident  that  a  zone  of  non-specific  precipitation 
occurs  with  Pneumococcus  II  antigen  in  dilutions  not  greater  than 
1 :  10,000  and  that  when  higher  dilutions  are  used  the  reaction  becomes 
specific.  Similar  results  have  been  obtained  with  antigen  prepared 
from  strains  of  Pneumococcus  Type  I  and  Pneumococcus  Type 
III.  Group  IV  pneumococcus  antigens  show  a  precipitin  reaction 
only  within  the  limits  of  the  non-specific  zone. 

To  ob\date  these  difficulties  certain  improvements  in  the  technique 
for  the  determination  of  pneumococcus  types  have  been  developed 
and  will  be  presented  below.  The  preliminary  steps  are  the  same 
as  in  the  commonly  used  method  and  will  be  given  in  detail  for  the 
sake  of  completeness. 

Inoculation  of  Mice  with  Sputum. 

Collection  of  Sputum.- — Care  should  be  exercised  in  the  collection 
of  sputimi  to  obtain  a  specimen  from  the  deeper  air  passages  as  free 
as  possible  from  saliva.  This  can  be  done  in  practically  all  cases, 
even  the  most  difficult,  with  a  little  persistence.  The  physician 
or  nurse  should  personally  superintend  the  collection  of  sputum 
inducing  the  patient  to  cough  until  a  suitable  specimen  is  raised, 
care  being  taken  not  to  allow  the  patient  to  swallow  the  lung  sputum. 
The  sputum  is  collected  in  a  sterile  Esmarch  dish  or  other  suitable 
container  and  should  be  sent  at  once  to  the  laboratory  for  mouse  in- 
jection. When  delay  is  unavoidable  the  specimen  should  be  kept 
on  ice  during  the  interval. 

Microscopic  Examination  of  the  Sputum. — Direct  films  are  made 
from  the  sputum  and  stained  by  Gram's  method,  with  10  per  cent 
aqueous  saffranin  as  a   counterstain,  by  Ziehl-Neelson's  stain,  and 
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by  Hiss's  capsule  stain.  This  serves  to  give  an  idea  of  the  nature  of 
the  organisms  present  and  an  indication  of  the  source  of  the  sputum. 
Suitable  lung  specimens  are  relatively  free,  in  most  instances,  from 
contaminating  mouth  organisms.  It  is  frequently  possible  to  identify 
Type  III  {Pneumococcus  mucosus)  organisms  when  they  are  present, 
as  they  possess  a  very  large  distinct  capsule  staining  by  both  Gram's 
and  Hiss's  methods. 

Mouse  Inoculation. — A  small  portion  of  the  sputum,  about  the 
size  of  a  bean,  is  selected  and  washed  through  three  or  four  changes 
of  sterile  salt  solution  in  sterile  Esmarch  or  Petri  dishes  to  remove 
surface  contaminations.  The  washed  sputum  is  then  transferred 
to  a  sterile  mortar,  ground  up,  and  emulsified  with  about  1  cc.  of 
sterile  bouillon  or  salt  solution,  added  drop  by  drop,  until  a  homo- 
geneous emulsion  is  obtained  that  wiU  readily  pass  through  the  needle 
of  a  small  syringe.  0.5  to  1  cc.  of  this  emulsion  is  inoculated  intra- 
peritoneally  into  a  white  mouse  with  a  sterile  syringe.  The  pneumo- 
coccus grows  rapidly  in  the  mouse  peritoneum  while  the  majority 
of  saprophytic  mouth  organisms  rapidly  die  off  with  the  exceptions 
noted  above.  Bacillus  influenzcB,  and  occasionally  Micrococcus  catar- 
rhalis,  staphylococci,  and  streptococci.  Pneumococcal  invasion  of 
the  blood  stream  also  occurs  early.  Bacillus  influenza  like  wise 
invades  the  blood  stream  if  present;  other  organisms  as  a  rule  do  not. 

The  time  elapsing  before  there  is  a  sufiSicient  growth  of  the  pneumo- 
coccus in  the  mouse  peritoneum  for  the  satisfactory  determination 
of  type  varies  with  the  individual  case,  depending  upon  the  abundance 
of  pneumococci  in  the  specimen  of  sputum  and  the  virulence  and 
invasive  power  of  the  strain  present.  It  may  be  from  5  to  24  hours, 
averaging  6  to  8  hours  with  the  parasitic  fixed  Types  I,  II,  and  III. 
As  soon  as  the  injected  mouse  appears  sick  a  drop  of  peritoneal 
exudate  is  removed  by  means  of  peritoneal  puncture  with  a  sterile 
capillary  pipette,  spread  on  a  slide,  stained  by  Gram's  method,  and 
examined  microscopically  to  determine  whether  there  is  an  abundant 
growth  of  the  pneumococcus  present.  If  there  is  an  abundant 
growth  of  the  pneimiococcus  present  in  pure  culture  the  mouse  is 
killed  and  the  determination  of  type  proceeded  with.  If  the  growth 
is  only  moderate  or  if  other  organisms  are  present  in  any  quantity, 
further  time  must  be  allowed  until  subsequent  examination  of  the 
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peritoneal  exudate  shows  an  abundant  growth  of  the  pneumococcus. 
It  should  be  emphasized  that  undue  haste  in  killing  the  mouse  is 
time  lost  in  the  end. 

Mouse  Autopsy. — As  soon  as  the  mouse  is  killed  or  dies,  the  peri- 
toneal cavity  is  opened  with  sterile  precautions  and  cultures  are 
made  of  the  exudate  in  plain  broth  and  on  one-half  of  a  blood  agar 
plate.  Films  are  made  and  stained  for  microscopic  examination 
by  Gram's  stain  and  Hiss's  capsule  stain.  The  peritoneal  exudate 
is  then  washed  out  by  means  of  a  sterile  glass  pipette  with  4  to  5  cc. 
of  sterile  salt  solution,  the  washings  being  placed  in  a  centrifuge 
tube.  Cultures  are  then  made  from  the  heart's  blood  in  plain  broth 
and  on  the  other  half  of  the  blood  agar  plate. 

Determination  of  Type. 

Agglutination  Method. — When  the  pneumococcus  is  present  in 
pure  culture  in  the  peritoneal  exudate  the  determination  of  type 
may  be  satisfactorily  made  by  macroscopic  agglutination  tests  as 
follows.  The  peritoneal  washings  are  centrifugalized  at  low  speed 
for  a  few  minutes  until  the  cells  and  fibrin  contained  in  the  exudate 
are  thrown  down.  The  supernatant  bacterial  suspension  is  decanted 
into  a  second  centrifuge  tube  and  centrifugalized  at  high  speed  until 
the  organisms  are  thrown  down.  The  supernatant  fluid  is  discarded 
and  the  bacterial  sediment  taken  up  in  sufficient  sterile  salt  solution 
to  make  a  moderately  heavy  suspension.  The  concentration  of 
bacteria  should  be  similar  to  that  of  a  good  18  hour  broth  culture 
of  the  pneumococcus.  This  suspension  is  used  directly  for  mac- 
roscopic agglutination  tjssts,  being  mixed  with  immune  serum  in 
small  test-tubes  in  equal  quantities  of  0.5  cc.  each. 

To  ob\iate  the  difficulty  that  occasionally  arises  from  the  occur- 
rence of  Group  IV  strains  that  show  cross  agglutination  in  all  three 
types  of  immune  serum,  the  optimum  dilutions  of  serum  and  the 
optimum  incubation  time  that  will  surely  identify  all  type  strains 
and  fail  to  give  any  cross  agglutination  reactions  have  been  deter- 
mined on  a  large  series  of  strains.^    The  results  are  shown  in  Table  II. 

^This  work  applies  only  to  the  anlipneumococcus  immune  serum  prepared 
at  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research. 
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TABLE  II. 

Determination  of  Pneumococcus  Types  by  Agglutination. 

Pneumococcus  suspension  0.5  cc. 


Type    I 

"    II 

Subgroups  II  a,  b,  x . 

Type  III 

Group  IV 


Serum  I 
(1:20) 
0.5  cc. 

Serum  II 

(undiluted) 

0.5  cc. 

Serum  II 

(1:20) 

0.5  cc. 

+  + 

_ 

_ 

- 

+  + 

+  + 

— 

+ 

— 

- 

- 

- 

Serum  III 
(1:5) 
0.5  cc. 


+  + 


Incubation  for  1  hour  at  37°C. 

From  Table  II  it  will  be  seen  that  a  1 :  20  dilution  of  T}'pe  I  serum, 
making  with  the  addition  of  an  equal  amount  of  pneumococcus 
suspension  a  final  dilution  of  1 :  40,  a  1 :  20  dilution  of  Type  II  serum 
making  a  final  dilution  of  1 :  40,  and  a  1 : 5  dilution  of  Type  III  serum 
making  a  final  dilution  of  1 :  10,  serve  to  agglutinate  Types  I,  II, 
and  III  pneumococci  respectively  and  fail  to  show  any  cross  agglu- 
tination reactions  with  strains  belonging  in  Group  IV.  It  will  fur- 
ther be  seen  that  with  0.5  cc.  of  undiluted  Type  II  serum,  as  well  as 
with  the  1 :  20  dilution,  pneumococci  belonging  to  the  various  Sub- 
groups II  may  be  identified  and  rapidly  differentiated  from  T3rpe 
II  pneumococci  in  that  they  show  partial  to  complete  agglutination 
in  undiluted  Type  II  serum,  but  not  in  the  1 :  20  dilution  at  the  end 
of   1   hour's  incubation  at  37°C. 

For  the  determination  of  types  of  pneumococci  in  the  peritoneal 
washings  such  serum  dilutions  give  the  most  satisfactory  and  clear- 
cut  results.  Five  small  test-tubes  are  set  up  as  follows:  Tube  1, 
0.5  cc.  of  Serum  I  (1:20)  +  0.5  cc.  of  bacterial  suspension;  Tube 
2,  0.5  cc.  of  Serum  II  (undiluted)  +  0.5  cc.  of  bacterial  suspension; 
Tube  3,  0.5  cc.  of  Serum  II  (1:20)  +  0.5  cc.  of  bacterial  suspension; 
Tube  4,  0.5  cc.  of  Serum  III  (1:5)  +  0.5  cc.  of  bacterial  suspension; 
Tube  5,  0.1  cc.  of  sterile  ox  bile  -f  0.3  cc.  of  bacterial  suspension  to 
determine  the  bile-solubility  of  the  strain  for  differentiation  from 
the  streptococcus.  The  tubes  are  incubated  in  the  water  bath  for 
1  hour  at  37°C.  Agglutination  of  Types  I,  II,  and  III  pneumococci 
in  such  serum  dilutions  is  practically  always  immediate  in  the  homol- 
ogous serum  and  no  agglutination  occurs  in  the  heterologous  sera. 
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Rapid  clumping  of  the  organisms  is  seen  to  take  place  and  may  be 
brought  out  clearly  by  gentle  agitation  of  the  tubes.  For  the  identi- 
fication of  Subgroup  II  pneumococci  incubation  is  necessary,  such 
strains  showing  partial  to  complete  agglutination  in  undiluted  Type 
II  serum  at  the  end  of  1  hour's  incubation.  If  no  agglutination 
occurs  and  the  organism  is  bile-soluble,  it  is  classified  as  a  Group 
IV  pneumococcus. 

Precipitin  Method. — It  has  been  stated  above  that  the  determina- 
tion of  pneumococcus  types  by  macroscopic  agglutination  tests 
with  the  peritoneal  washings  is  interfered  with  when  other  organisms 
are  present,  with  a  resultant  delay  of  18  hours  or  more  before  the 
type  of  pneumococcus  present  can  be  established.  To  obviate  this 
difficulty  the  following  method  has  been  devised.  Dochez  and  Avery* 
have  shown  that  the  pneumococcus  produces  in  broth  cultures  dur- 
ing the  period  of  active  growth  a  soluble  substance  which  gives  a 
specific  precipitin  reaction  with  the  homologous  antipneumococcus 
immune  serum.  It  seemed  probable  that  this  soluble  substance  or 
precipitinogen  would  be  present  in  the  peritoneal  exudate  of  the 
mouse  in  sufficient  quantity  to  give  a  specific  precipitin  reaction 
wdth  the  homologous  serum  and  such  has  proved  to  be  the  case.  The 
method  to  be  described  is  dependent  upon  this  phenomenon. 

The  peritoneal  exudate  is  washed  out  with  4  to  5  cc.  of  sterile 
salt  solution  by  means  of  a  sterile  glass  pipette  and  placed  in  a  centri- 
fuge tube.  The  peritoneal  washings  containing  cells,  fibrin,  and 
bacteria  are  immediately  centrifuged  at  high  speed  until  the  super- 
natant fluid  is  water  clear.  The  supernatant  fluid  is  then  pipetted 
off,  with  care  not  to  disturb  the  sediment,  which  is  discarded,  and 
is  mixed  in  quantities  of  0.5  cc.  each  with  an  equal  amount  of  the 
antipneumococcus  immune  serum  in  a  series  of  small  test-tubes 
as  follows:  Tube  1,  0.5  cc.  of  Serum  I  (1: 10)  -\-  0.5  cc.  of  supernatant 
peritoneal  washings;  Tube  2,  0.5  cc.  of  Serum  II  (undiluted)  -f  0.5 
cc.  of  supernatant  peritoneal  washings;  Tube  3,  0.5  cc.  of  Serum  II 
(1:10)  -\-  0.5  cc.  of  supernatant  peritoneal  washings;  Tube  4,  0.5 
cc.  of  Serum  III  (1:5)  +  0.5  cc.  of  supernatant  peritoneal  washings. 
An  immediate  specific  precipitin  reaction  occurs  in  the  tube  contain- 

« Dochez,  A.  R.,  and  Avery,  O.  T.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17, 
xiv,  75. 
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ing  the  homologous  immune  serum,  the  other  tubes  remaining  clear 
(Table  III).  No  incubation  is  necessary.  Two  tubes  of  Type  II 
serum  are  used  for  the  purpose  of  distinguishing  between  Type  II 
pneumococci  and  members  of  the  Subgroups  II,  the  former  giving 
a  precipitin  reaction  in  both  tubes,  the  latter  only  in  the  undiluted 
Type  II  serum.  A  negative  reaction  in  all  tubes  indicates  a  pneu- 
mococcus  belonging  in  Group  IV. 

The  method  has  been  tested  with  a  large  number  of  strains  and 
has  been  consistently  positive  and  specific  with  pneumococci  of  Types 
I,  II,  and  III  and  consistently  negative  with  pneumococci  of  Group 
IV.  The  presence  of  other  organisms  together  with  the  pneumococcus 
in  the  peritoneal  exudate  does  not  interfere  with  the  reaction  and 
other  organisms  than  the  pneumococcus  produce  no  substance  that 
might  give  a  false  positive  reaction. 


TABLE  in. 
Determination  of  Pneumococcus  Types  by  the  Precipitin  Method. 


Supernatant  peritoneal  washings  O.S  cc. 


Type   I 

"    II 

Subgroups  n  a,  b,  X 

Type  III 

Group  IV 


Serum  I 
(1:10) 
0.5  cc. 


+  + 


Serum  II 

(undiluted) 

O.Scc. 


+  + 
+ 


Serum  II 
(1:10) 
O.Scc. 


+  + 


Serum  III 

(1:5) 
0.5  cc. 


+  + 


The  results  with  Subgroup  II  pneumococci  have  not  been  so  satis- 
factory. Reference  to  Table  III  will  show  that  pneumococci  belong- 
ing to  these  groups  give  a  precipitin  reaction  with  undiluted  Type 
II  serum  but  not  with  the  1 :  10  dilution,  thereby  being  distinguished 
from  Type  II  pneumococci.  A  number  of  Subgroup  II  organisms, 
however,  have  been  encountered  in  which  the  peritoneal  washings 
have  failed  to  give  a  precipitin  reaction  with  undiluted  Type  II 
serum.  In  the  identification  of  the  fixed  parasitic  types  of  pneumo- 
cocci this  occasional  difl&culty  is  of  little  practical  importance  from 
the  point  of  \dew  of  treatment  as  there  is  at  present  no  specific  therapy 
for  cases  of  pneumonia  caused  by  pneumococci  of  the  Subgroups  II. 
For  purposes  of  classification  and  statistics  these  organisms  can  be 
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readily  identified  subsequently  when  the  organism  has  been  ob- 
tained in  pure  culture. 

In  order  to  determine  the  shortest  time  after  mouse  inoculation 
in  which  a  clear-cut  positive  precipitin  reaction  may  be  obtained 
and  whether  it  occurs  as  soon  as  a  satisfactory  agglutination  test 
can  be  made,  a  series  of  mice  have  been  inoculated  intraperitoneally 
with  measured  amounts  of  pure  pneumococcus  cultures  and  the 
mice  have  been  killed  at  varying  intervals.  Simultaneous  deter- 
minations of  type  have  been  made  by  both  the  agglutination  and 
precipitin  methods  on  each  peritoneal  washing.  The  results  are 
shown  in  Table  IV, 

TABLE   IV, 

Comparison  of  Agglutination  and  Precipitin  Methods. 


Mouse. 

Time  killed  after 
inoculation  with 
0.01  cc.  of  cul- 
ture. 

Series  A, 
Type  I. 

Series  B, 
Type  n. 

Series  C, 
Type  in. 

Aggluti- 
nation. 

Precipitin. 

Aggluti- 
nation. 

Precipitin. 

Aggluti- 
nation. 

Precipitin. 

1 

2 
3 
4 
5 

hrs. 
4 

5 
6 
7 
8 

+  + 

+ 
+  + 

+  + 

+ 
+  + 
+  + 

+  + 

+ 
+  + 
+  + 
+  + 

From  these  experiments  it  is  evident  that  the  agglutination  method 
possesses  no  advantage  in  point  of  time  over  the  precipitin  method. 
The  presence  of  the  soluble  precipitinogen  in  the  peritoneal  exudate 
in  sufficient  quantity  to  give  a  clear-cut  precipitin  reaction  coincides 
in  the  case  of  Type  I  pneumococci  with  the  earliest  time  when  satis- 
factory agglutination  tests  can  be  made.  With  Type  II  pneumo- 
cocci it  occurs  earlier  and  with  Type  III  still  earlier.  This  phenome- 
non exhibits  an  interesting  parallelism  with  the  capsular  formation 
and  virulence  of  the  three  types  of  pneumococci. 

The  precipitin  method  possesses  the  following  distinct  advan- 
tages. It  is  available  as  soon  as  satisfactory  agglutination  tests  can 
be  made;  incubation  of  the  tubes  is  unnecessary;  it  is  not  interfered 
with  by  the  presence  of  other  organisms  in  the  exudate ;  it  is  specific 
and  shows  no  cross  immunity  reactions ;  it  is  applicable  to  mice  which 
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through  unavoidable  circumstances  have  been  dead  for  some  time 
before  the  determination  of  type  can  be  made  and  in  which  autolysis 
of  the  pneumococci  or  postmortem  invasion  of  the  peritoneal  cavity 
by  other  organisms  has  made  the  agglutination  method  impracticable. 
For  these  reasons  it  is  recommended  as  the  method  of  choice  in  all 
cases. 

Identification  of  Type  III  Pneumococci  hy  Morphological  and  Cul- 
tural Characteristics. — If  Type  III  antipneumococcus  immune  serum 
is  not  available  for  diagnostic  purposes  Type  III  pneumococci  may 
be  identified  in  most  instances  by  cultural  and  morphological  char- 
acteristics. Pneumococcus  mucosus  is  usually  somewhat  larger, 
rounder,  and  less  lanceolate  than  other  t>^es  of  pneumococci.  It 
possesses  a  large  distinct  capsule  which  stains  readily  with  Hiss's 
capsule  stain  and  usually  retains  the  pink  counterstain  with  Gram's 
method.  The  peritoneal  exudate  produced  on  mouse  inoculation 
is  usually  quite  mucoid  and  colonies  on  solid  media  are  moist,  mucoid, 
and  spreading.  It  is  always  bile-soluble.  These  characteristics 
usually  serve  to  differentiate  Type  III  pneumococci  from  other  types. 
Occasional  strains  of  pneumococci  which  agglutinate  in  Type  III 
serum,  however,  are  encountered  which  do  not  show  well  developed 
mucoid  characteristics  and  cannot  be  distinguished  culturally  from 
other  types.  Furthermore,  Type  II  strains  are  occasionally  met 
with  that  exhibit  fairly  well  developed  mucoid  characteristics.  For 
these  reasons  the  identification  of  T^-pe  III  pneumococci  by  mor- 
phological and  cultural  characteristics  is  not  always  absolute,  and 
the  diagnosis  should  be  established  by  immunological  methods  when 
Type  III  serum  is  available.^ 

Confirmation  of  Type. 

The  determination  of  type  on  the  peritoneal  washings  should  be 
confirmed  by  macroscopic  agglutination  tests  with  a  pure  bouillon 
culture  of  the  pneumococcus  obtained  from  culture  of  the  heart's 
blood  at  the  time  of  mouse  autopsy.  The  technique  is  the  same  as 
that  employed  in  the  agglutination  tests  on  the  bacterial  suspension 
obtained  from  the  peritoneal  washings  and  should  include  a  test 
for  bile-solubility. 

'  Wadsworth,  A.  B.,  and  Kirkbride,  M.  B.,  J.  Exp.  Med.,  1917,  xxv,  629. 
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Determination  of   Types  of  Pneumococci  in  Blood  Cultures,  Spinal 
Fluids,  Empyema  Fluids,  and  by  Lung  Puncture. 

Blood  Culture. — The  usual  technique  in  routine  blood  cultures 
is  carried  out.  From  a  positive  bouillon  blood  culture  10  cc.  are 
removed  by  pipette  and  centrifugalized  at  low  speed  to  remove  the 
blood  cells.  The  supernatant  fluid  is  pipetted  off  and  the  bacteria  are 
thrown  down  by  centrifugalization  at  high  speed,  the  supernatant 
fluid  is  discarded,  and  the  bacterial  sediment  is  suspended  in  sterile 
salt  solution.  The  pneumococcus  type  is  then  determined  by  macro- 
scopic agglutination  tests  foUowing  the  same  technique  described 
above. 

Spinal  Fluid  and  Empyema  Fluid. — Cultures  are  made  by  the 
methods  ordinarily  employed  in  culturing  fluids  and  the  type  of  pneu- 
mococcus is  determined  when  the  culture  has  grown  out  by  the  use 
of  the  same  technique  as  that  applied  to  blood  cultures.  If  desired, 
in  addition  to  culturing  spinal  fluids,  a  portion  of  the  fluid  may  be 
centrifugalized  at  high  speed  to  throw  down  the  pneumococci  pres- 
ent, and  the  sediment,  taken  up  in  1  cc.  of  sterile  salt  solution,  inocu- 
lated intraperitoneally  into  a  mouse. 

Lung  Puncture. — This  procedure  should  be  resorted  to  only  when 
it  is  impossible  to  obtain  a  suitable  specimen  of  sputum  or  a  positive 
blood  culture.  Cultures  are  made  in  bouillon  of  the  lung  puncture 
material  and  the  determination  of  type  is  made  by  the  same  technique 
as  that  employed  in  the  case  of  blood  cultures. 

Determination  of  Pneumococcus  Types  by  Direct  Sputum  Culture. 

It  was  thought  that  the  determination  of  t}TDes  of  pneumococci 
by  the  precipitin  method  might  be  possible  by  direct  culture  of  the 
washed  sputum  in  bouillon  without  resort  to  mouse  passage.  Tubes 
of  bouillon  were  inoculated  with  specimens  of  sputum  and  incubated 
6  to  8  hours  at  37°  C.  The  cultures  were  then  centrifugalized  at  high 
speed  until  the  supernatant  bouillon  was  clear,  and  precipitin  tests 
were  made  by  mixing  equal  parts  of  the  supernatant  bouillon  and 
immune  serum.  In  a  few  instances  sufficient  precipitinogen  had  been 
produced  by  the  growth  of  the  pneumococcus  in  the  culture  to  give 
a  positive  precipitin  reaction  with  the  homologous  serum.     This  by 
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no  means  invariably  occurred  with  all  specimens  of  sputum,  however, 
and  seemed  to  depend  largely  upon  the  number  of  pneumococci 
present  in  the  sputum  and  to  some  extent  upon  the  type  of  pneumo- 
coccus.  The  number  of  experiments  done  was  small  and  the  results 
were  not  sufficiently  satisfactory  to  make  the  method  of  practical  use. 
It  is  possible  that  further  experiments  along  these  lines  might  develop 
a  technique  which  would  prove  available  for  use  as  a  routine  method. 

SUMMARY. 

The  determination  of  pneumococcus  types  in  lobar  pneumonia 
is  of  value  in  the  field  of  prognosis  and  as  a  prerequisite  for  specific 
serum  therapy.  The  method  for  the  determination  of  types  should 
be  as  rapid  as  possible  and  a  standard  technique  should  be  employed. 
The  most  satisfactory  method  is  by  the  intraperitoneal  inoculation 
of  a  mouse  with  the  patient's  sputum,  by  which  means  a  rapid  and 
abundant  growth  of  the  pneumococcus  is  obtained  and  secondary 
organisms  are  rapidly  eliminated  in  most  instances.  The  diagnosis 
of  t^-pe  is  made  directly  on  the  peritoneal  exudate.  Certain  factors 
in  the  method  commonly  used  have  interfered  with  the  rapid  deter- 
mination of  types  in  an  appreciable  number  of  cases,  notably  the 
growth  of  other  organisms  in  the  peritoneal  exudate  together  with 
the  pneumococcus,  and  some  confusion  has  arisen  because  occasional 
strains  of  pneumococci  have  been  encountered  that  show  cross  agglu- 
tination reactions  when  undiluted  immune  serum  is  used.  Such 
reactions  have  been  shown  to  be  due  to  a  limited  zone  of  non-specific 
immunity  and  they  in  no  way  invalidate  the  classification  of  the 
pneumococci  into  sharply  defined  immunological  groups.  The  opti- 
mum dilutions  of  serum  have  been  determined  that  will  agglutinate 
all  type  strains  of  pneumococci  and  fail  to  cause  any  cross  agglutina- 
tion reactions  when  mixed  with  equal  amounts  of  pneumococcus 
cultures  and  incubated  for  1  hour  at  37°C.  They  are  a  1 :  20  dilu- 
tion of  Serum  I,  a  1 :  20  dilution  of  Serum  II,  and  a  1 : 5  dilution  of 
Serum  III.  For  the  diagnosis  of  Subgroup  II  pneumococci  undiluted 
Type  II  serum  is  required. 

To  obviate  the  other  difficulties  of  the  method  commonly  used 
a  new  method  for  the  determination  of  types  has  been  devised.     It 
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depends  upon  the  fact  that  there  is  produced  by  the  growth  of  the 
pneumococcus  a  soluble  substance  which  is  present  in  the  peritoneal 
exudate  of  the  mouse  in  sufficient  quantity  to  give  a  specific  precipitin 
reaction  with  the  homologous  immune  serum.  The  precipitin  method 
can  be  used  in  all  instances  in  which  the  determination  of  types  by 
the  agglutination  method  is  possible,  and  it  possesses  certain  dis- 
tinct advantages  which  make  it  available  when  the  agglutination 
method  is  impracticable.  It  is  of  particular  value  as  a  time-saving 
device  in  those  instances  where  the  presence  of  other  organisms  to- 
gether with  the  pneumococcus  in  the  peritoneal  exudate  causes  a 
delay  of  18  hours  or  more  before  the  type  of  pneumococcus  can  be 
definitely  established.  It  is  therefore  recommended  as  the  metliod 
of  choice  in  all  cases.  If  desired,  both  the  agglutination  and  pre- 
cipitin methods  may  be  applied  to  the  same  specimen  of  peritoneal 
washings. 


CICATRIZATION  OF   WOUNDS. 

V.  New  Mathematical  Expression  of  Cicatrization. 

By  a.  JAUBERT  de  BEAUJEU,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,  New 
York,  and  Hospital  21,  Compiegne,  France.) 

(Received  for  publication,  November  24,  1916.) 

A  new  formula  with  two  equations  gives  in  mathematical  terms 
Carrel  and  Hartmann's  law:^  "the  rate  of  cicatrization  diminishes  at 
the  same  time  as  the  size  but  less  rapidly." 

In  the  time  dt,  the  area  cicatrized,  dS,  is  proportional  to  5: 


dS  =  -  XSdt    or     ^  =  -  X5 
dt 


dS 


X  is  positive  and  the  formula  shows  that  the  rate,  — -,  decreases  with  S. 

dt 

By  integration  we  get 

(1)        Loge  S=  -Xt+  Loge  So        or       5  =  5<,c-^' 

where  Sg  is  the  initial  area. 

If  the  coefl5cient  X  is  constant,  the  law  of  cicatrization  can  be  ex- 
pressed by  simple  logarithmic  formula. 

The  rate  of  cicatrization  decreases  less  rapidly  than  the  size ;  that 
is,  X  is  not  constant  and  must  increase  slightly  when  the  area  de- 
creases.    In  the  time  dt  the  variation  oi  \,  d\,is  proportional  to  X: 

d\  =  u  \dt     or     —  =  u  X 

di 

If  n  is  positive,  the  equation  indicates  that  X  increases  because  the 
derivative  —   is  positive. 

1  Carrel,  A.,  and  Hartmann,  A.,  /.  Exp.  Med.,  1916,  xxiv,  429. 
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By  integration  we  get 

(2)         LogeX  =  m'+  LogeXo         or         X=XoC''' 

where  \  is  the  initial  value  of  X.  X  is  calculated  by  equation  (2)  and 
with  this  value  of  X  we  can  obtain  6"  by  the  equation  (1). 

The  two  coefhcients  X,,  and  fi  may  be  determined  to  make  the  values 
calculated  and  observed  correspond. 

The  area  at  any  time  can  be  obtained  immediately  without  cal- 
culating the  intermediate  areas. 


CICATRIZATION  OF  WOUNDS. 

VI.  Bacteriological  Asepsis  of  a  Wound. 

By  a.  VINCENT,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,  New  York, 
and  Hospital  21,  Compiegne,  France) 

(Received  for  publication,  February  9,  1917.) 

In  a  previous  communication^  it  has  been  shown  that  even  a  slight 
infection  prevents  normal  cicatrization.  Experiments  on  cicatriza- 
tion must  be  carried  out  on  surgically  aseptic  wounds.  The  degree 
of  asepsis  can  easily  be  obtained  by  the  method  already  described.'^ 
Surgical  asepsis  differs  widely  from  bacteriological  asepsis.  Dis- 
infected wounds  which  unite  by  first  intention  still  contain  numerous 
bacteria,  particularly  Micrococcus  epidermidis  albus.  However,  the 
experiments  carried  out  by  Carrel  and  Hartmann  have  shown  that 
the  new  method  of  wound  sterilization  frequently  leads  to  bacterio- 
logical asepsis. 

The  object  of  the  following  experiments  was  to  determine  to  what 
degree  wounds  irrigated  with  Dakin's  solution  or  treated  with  chlor- 
amine  paste  become  bacteriologically  aseptic. 

Preventive  Action  of  Dakin^s  Hypochlorite  Solution  and  of  Chloramine-T . 

In  the  first  series  of  experiments  we  undertook  to  ascertain  what 
quantity  of  Dakin's  solution  or  of  chloramine-T  is  necessary  to  retard 
or  prevent  the  growth  of  staphylococcus.  This  preliminary  experi- 
ment was  necessary  in  order  to  determine  whether  the  quantity  of 
antiseptic  taken  from  the  surface  of  the  wound  at  the  same  time  as  the 
secretions  was  strong  enough  to  inhibit  the  growth  of  the  bacteria 
contained  in  the  secretions. 

^  Carrel,  A.,  and  Hartmann,  A.,  J.  Exp.  Med.,  1916,  xxiv,429. 
^  Carrel,  A.,  and  Dehelly,  G.,  Le  traitement  des  plaies  infectees,  Paris,  1916. 

83 


84 


CICATRIZATION   OF   WOUNDS.      VI 


To  5  cc.  of  broth  are  added  0.1  to  2  cc.  of  Dakin's  solution  or  of 
chloramine-T  solution.  A  drop  of  a  24  hour  broth  culture  of  staphy- 
lococcus is  then  added.  The  staphylococcus  used  was  obtained  from 
a  case  of  suppurative  arthritis  of  the  wrist  treated  during  the  pre- 
ceding 15  days  with  Dakin's  solution.  Tables  I  to  IV  give  the 
results  of  the  experiments.  They  show  that  the  power  of  Dakin's 
solution  to  restrain  growth  becomes  evident  after  12  hours  if  more 
than  0.4  cc.  is  used.  In  the  same  way,  0.3  cc.  of  1  per  cent  chlora- 
mine-T also  retards  the  growth.  This  power  is  relatively  weak.  The 
amount  of  Dakin's  solution  or  of  chloramine-T  necessary  to  prevent 
completely  the  growth  of  the  staphylococcus  in  5  cc.  of  broth  is, 
therefore,  relatively  large.  2  cc.  of  Dakin's  solution  or  more  than  1 
cc.  of  1  per  cent  chloramine-T  are  necessary  for  steriHzation  of  the 
media. 

TABLE   I. 

Antiseptic  Properties  of  Dakin's  Solution.    First  Test. 


In  5  cc.  of 
broth. 

Cc.  of  Dakin's  solution. 

Control. 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0  1  1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

days 

1 

+ 

-1- 

+ 

+ 

-1- 

+ 

Weak. 

? 

- 

- 

- 

- 

- 

- 

- 

- 

+ 

2 

+ 

+ 

+ 

+ 

+ 

+ 

-f- 

+ 

+ 

+ 

- 

+ 

- 

- 

- 

- 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 

+ 

TABLE   II. 

Second  Test. 


Cc.  of  Dakin's  solution 

In  5  cc.  of  broth. 

Control. 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

2.0 

hrs. 

6 

— 

- 

— 

— 

— 

— 

— 

Weak. 

12 

— 

- 

Weak. 

- 

— 

— 

— 

+ 

24 

+ 

- 

- 

+ 

Weak. 

- 

- 

- 

-1- 

48 

+ 

+ 

+ 

+ 

+ 

+ 

— 

+ 
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TABLE   III. 
Restraining  Power. 


In  5  cc.  of 
broth. 

Cc.  of  Dakin's  solution. 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

hrs. 

6 

+ 

Weak. 

\'ery  weak. 

? 

— 

— 

— 

— 

— 

— 

+ 

12 

+ 

+ 

\\-eak. 

+ 

Weak. 

- 

- 

— 

— 

— 

+ 

24 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

- 

+ 

36 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

TABLE   IV. 

Antiseptic  Properties  of  1  Per  Cent  Chloramine-T. 


In  5  cc. 

Cc.  of  chloramine-T. 

Control 

of 
broth. 

d 

d 

d 

d 

d 

o 
o 

d 

00 

o 

o 

o 

_; 

-. 

<»5 

^ 

:• 

o 

hrs. 

6 

12 
18 
24 
36 

48 
3  days. 

Weak. 

+ 
+ 
+ 
+ 
+ 
+ 

Weak. 

+ 
+ 
+ 
+ 
+ 
+ 

? 

Weak. 

+ 
+ 
+ 
+ 

? 

+ 
+ 
+ 

? 

+ 
+ 
+ 
+ 

Weak. 

+ 
+ 

+ 
+ 

? 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

- 

? 

Weak. 

+ 
+ 
+ 

- 

- 

- 

- 

- 

- 

Weak. 

+ 
+ 
+ 
+ 
+ 
+ 

These  experiments  show  that  the  small  quantity  of  antiseptic 
removed  with  the  bacteria  by  the  platinum  loop  does  not  affect  the 
growth  of  the  cultures  described  below. 

Bacteriological  Examination  of  Surgically  Aseptic  Wounds. 

As  soon  as  films  taken  on  several  consecutive  days  showed  that  no 
bacteria  were  present,  cultures  were  made  from  different  parts  of  the 
wound.  Before  taking  the  cultures  the  irrigation  was  suspended  for 
2  hours,  and  in  cases  in  which  the  chloramine  paste  had  been  used,  all 
trace  of  the  paste  was  carefully  removed  with  distilled  water  and  the 
wound  was  swabbed  with  sterilized  gauze.  It  is  advisable  when  tak- 
ing the  films  to  scrape  the  surface  of  the  wound  Hghtly  with  a  platinum 
loop,  care  being  taken  to  avoid  making  the  granulations  bleed. 


86 


CICATRIZATION   OF   WOUNDS.      VI 


TABLE  V. 

Results  of  Experiments. 


1 

1 

M-. 

"3 

•1 

Wound. 

Treatment. 

a 
o  ^ 

"o 

Bacteria  recovered. 

Result. 

"3 
S 

o 

Q 

(^ 

days 

1 

Complicated  fracture 

Dakin's 

7 

+ 

B.     pyocyaneus    and 

Closure  and  suture 

of  right  humerus. 

solu- 
tion. 

various  cocci. 

6  days  after  cul- 
ture. Healing 
per  primam. 

2 

Flesh  wound  of  right 
knee. 

u 

7 

+ 

Staphylococcus     albus 
and    an    unknown 
bacillus. 

u 

3 

Flesh   wound   of  left 
leg. 

it 

7 

+ 

Micrococcus  epidermid- 
is    albus    and    B. 
pyocyaneus. 

« 

4 

Flesh  wound  of  right 
thigh. 

ti 

8 

+ 

Enterococcus,5^a/'/(y- 
lococcus  albus,  and 
various  diplococci. 

Closure  and  suture 
4  days  after  cul- 
ture. Healing  per 
primam. 

5 

Perforated        wound 
with     fracture     of 
right  humerus. 

li 

(fl)  External  wound. 

8 

- 

Closure  and  suture 

Anaerobic  culture. 

11 

- 

on    day    of   sub- 

Subculture. 

11 

- 

culture.     Healing 

{b)  Internal  wound. 

8 

+ 

Micrococcus      epider- 
midis  albus. 

per  primam. 

6 

Complicated  fracture 
of  neck  of  left  fe- 
mur. 

12 

+ 

Staphylococcus  aureus, 
Micrococcus  epider- 
viidis     albus,     and 
various  diplococci. 

Closure  and  suture 
13  days  after  cul- 
ture. Healing  per 
primam. 

7 

Complicated  fracture 
of  right  tibia. 

it 

42 

+ 

Staphylococcus  aureus 
and  albus. 

Closure  and  suture 
on  day  of  culture. 
Sloughing  on  2 
cm.  of  the  suture. 

8 

Surface  wound  follow- 
ing an  old  fracture 
of  tibia. 

Dakin's 
solu- 
tion 

109 

Surface  granulation. 

/Vnaerobic  culture. 

and 

112 

- 

Subculture. 

chlor- 

112 

— 

Second  culture. 

amine- 
T. 

117 

+ 

Micrococcus  albus  and 
bacillus    like    Pro- 
teus vulgaris. 

A.    VINCENT 
TABLE  V — Continued. 
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1 

1- 
"3 

i 

Wound. 

Treatment. 

"o 

Bactena  recovered. 

Result. 

o 

Q 

"3 
Pi 

days 

9 

•Wound  of  dorsal  sur- 
face   of    foot    fol- 
lowing an  old  frac- 
ture of  fifth  meta- 
tarsal.        (Wound 
heavily      infected; 
gaseous  gangrene.) 

Dakin's 
solu- 
tion 
and 
chlor- 
amine- 
T. 

109 

+ 

Staphylococcus  aureus, 
B.  pyocyaneus,  and 
an  unknown  bacil- 
lus. 

Surface  granulation. 

10 

Flesh  wound  of  calf. 

ti 

117 

+ 

Staphylococcus  aureus 
and  albus  and  an 
unknown  bacillus. 

(( 

11 

Wound  of  dorsal  sur- 
face of  foot  above 
fracture  of  metatar- 
sus. 

Anaerobic  culture. 
Subculture. 

« 

37 

40 
40 

ti 

12 

Complicated  fracture 
of  fourth  metatar- 
sal. 

Anaerobic  culture. 
Subculture. 
Second  culture. 

it 

23 

26 
26 

32 

- 

« 

13 

Open    wound   of   leg 

Dakin's 

20 

+ 

Micrococcus      epider- 

Closure  and  suture 

after     ligature     of 

solu- 

midis alhus. 

on  day  of  culture. 

popliteal    and    su- 

tion. 

Healing   per   pri- 

ture     of     posterior 

mam. 

tibial  arteries. 

14 

Flesh  wound  of  right 
arm. 

Anaerobic  culture. 
Subculture. 

« 

8 

11 
11 

- 

Surface  granulation. 

15 

Large     wound     with 
fracture  of  shoulder 
blade. 

ti 

After  slight  reaction, 
inflammation    on 
upper    border    of 

(a)   Upper    part     of 

16 

+ 

Staphylococcus  albus. 

wound,      redness 

wound. 

for  3   days,   and 

ib)   Lower     part     of 

16 

- 

small    hematoma 

wound. 

surrounding     the 

Subculture. 

19 

— 

suture. 
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TABLE  V — Conchided. 


i 

Wound. 

Treatment. 

a 

p 

1 

"5 

(2 

Bacteria  recovered. 

Result. 

days 

16 

Flesh   wound   of   calf 

Dakin's 

19 

+ 

Micrococcus  albus  and 

Closure  and  sutQre 

with  lymphangitis. 

solu- 
tion. 

an  unknown  diplo- 
coccus. 

on  day  of  culture. 
Healing   per   pri- 
mam. 

17 

Wound    of   left   arm 
with     comminuted 
fracture  of  humerus. 

Dakin's 
solu- 
tion 
and 
chlor- 
amine. 
T. 

19 

+ 

Streptococcus        and 

Staphylococcus  albus. 

Surface  granulation. 

18 

Flesh  wound  of  right 
leg. 

^\naerobic  culture, 
Subculture. 

Chlor- 
amine- 
T. 

20 

23 
23 

- 

« 

19 

Wound  of  left  hand 
with   complete  de- 
struction of  fourth 
and  fifth  metacar- 
pals. 

(< 

23 

+ 

Staphylococcus  aureus 
and  albus. 

<( 

20 

Wound   of  left   knee 
following  arthroto- 
my. 

Dakin's 
solu- 
tion 

98 

« 

i\naerobic  culture. 

and 

101 

- 

Subculture. 

chlor- 

101 

- 

Second  culture. 

amine- 
T. 

110 

The  tubes  of  broth  were  inoculated  and  incubated  for  15  days  at 
36°C.  If  the  culture  remained  sterile,  a  subculture  was  made  on  the 
3rd  day.  At  the  same  time,  a  fresh  film  was  taken  at  the  surface  of 
the  wound  for  an  anaerobic  culture  in  glucose  broth  with  an  upper 
layer  of  paraffin  oil.  Broth  has  proved  an  excellent  medium  for  the 
bacteria  found  in  wounds.  Twenty  cases  were  subjected  to  the  usual 
treatment  with  Dakin's  solution  or  chloramine  paste  (Table  V). 
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SUMMARY. 


Of  twenty  infected  cases  treated  with  Dakin's  solution  or  chloramine 
paste,  seven  were  bacteriologically  sterile.  This  proves  that,  in 
general,  35  per  cent  of  the  cases  thus  treated  become  bacteriologically 
aseptic.  This  degree  of  asepsis  is  not  necessary  in  order  to  suture 
the  wound,  the  absence  of  bacteria  in  films  being  sufficient.  Com- 
plete sterilization  of  wounds,  can,  therefore,  now  be  accomplished. 


CICATRIZATION  OF  WOUNDS. 

VII.  The  Use  of  Chloramine-T  Paste  for  the  Sterilization 

OF  Wounds. 

By  MAURICE  DAUFRESNE,  M.D. 

{From  the  Laboratories   of  The  Rockefeller  Institute  for  Medical  Research,  New 
York,  and  Hospital  21,  Compiegne,  France.) 

(Received  for  publication,  February  9,  1917.) 

It  has  been  shown  in  a  previous  communication'  that  a  wound 
cicatrizes  rapidly  if  the  surface  is  sterile.  If  it  is  more  or  less  in- 
fected, the  rate  of  cicatrization  is  slow  or  the  wound  enlarges.  In 
order  to  obtain  a  convenient  method  for  the  sterilization  of  wounds 
we  have  endeavored  to  prepare  an  antiseptic  paste  which  will  retain 
its  aseptic  properties. 

It  has  been  found^  that  ointments  and  other  fatty  substances  are 
inefficient  when  appHed  to  wounds,  because  the  bacteria  and  anti- 
septic are  covered  with  fatty  material  which  isolates  them  from  each 
other  and  permits  the  bacteria  to  multiply  freely.  Hence  the  anti- 
septic paste  must  be  soluble,  and  the  bactericidal  agent  must  be 
embodied  in  a  substrate  suitably  chosen  so  that  the  whole  constitutes 
a  system  physically  homogeneous.  On  the  other  hand,  to  enable 
the  antiseptic  to  act  continuously  the  base  should  be  absorbed  slowly 
by  the  tissues  in  order  to  renew  the  surface  of  contact  constantly, 
Neutral  sodium  stearate  was  used  for  this  purpose  because  of  the 
facility  with  which  it  is  made  antiseptic  and  also  because  it  is  not 
injurious  to  the  tissues.  It  is  well  known  that  the  slightly  soluble 
sodium  soaps,  far  from  being  irritating  agents,  are,  on  the  contrary, 
soothing.  Moreover,  they  give  pastes  sufficiently  plastic  for  the 
dressing  of  wounds.  One  of  Dakin's  chloramines  was  selected  as 
the  bactericidal  agent.  After  many  trials  we  have  used  the  following 
formula. 

iCarrell,  A.,  and  Hartmann,  A.,  J.  Exp.  Med.,  1916,  xxiv,  429. 
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Neutral  sodium  stearate 86  gm. 

Chloramine-T 4-10    " 

Distilled  water 1,000  cc. 

Of  the  less  soluble  sodium  soaps  it  is  essential  to  choose  those 
derived  from  saturated  fatty  acids  and  not  having  double  ethylene 
linkages.  The  presence  of  such  groups  which  readily  take  up  the 
elements  of  hypochlorous  acid  (HCIO)  causes  a  rapid  disappearance 
of  chloramine.  On  the  other  hand,  stearic  acid  is  a  product  of  suffi- 
cient purity  and  is  easily  procured ;  its  sodium  salt  obtained  by  boihng 
the  calculated  amount  diluted  with  caustic  soda  is  aseptic. 

We  have  tried  some  pastes  less  concentrated  in  stearate,  but  they 
separate  into  two  portions;  the  lower  part  is  watery,  and  the  upper 
portion  richer  in  stearate  so  that  it  has  the  concentration  indicated 
above,  which  is  a  minimum. 

We  have  chosen  as  an  antiseptic  to  combine  with  the  sodium  stear- 
ate one  of  the  substances  studied  by  Daldn,  known  as  chloramine-T, 
which  is  the  sodium  salt  of  toluene  sodium  ^-sulfochloramide.  The 
reasons  for  choosing  this  substance  were  its  high  bactericidal  power, 
the  absence  of  caustic  action  on  the  skin,  the  possibility  of  an  exact 
estimation  of  its  strength,  and  its  stabiUty  at  a  high  temperature, 
which  allows  the  substances  to  dissolve  in  a  boiling  solution  of  stear- 
ate. The  question  of  using  sodium  hypochlorite  was  not  consid- 
ered because  this  product  changes  rapidly  under  the  influence  of 
heat,  and  especially  because  of  the  sensitiveness  of  soap  solutions  to 
the  action  of  electrolytes. 

Several  trials  were  made  with  various  proportions  of  chloramine-T. 
20  gm.  per  kilo  seem  to  make  the  paste  irritating,  thus  rendering  it 
useless.  15  gm.  per  kilo  are  tolerated  by  the  wounds  but  are  slightly 
irritating  to  the  skin  and  congest  the  granulations,  giving  them  a 
purple  color.  10  gm.  per  kilo  cause  neither  irritation  nor  pain;  the 
wounds  tolerate  application  for  weeks.  At  this  concentration  the 
bactericidal  action  is  strong  enough  to  disinfect  surface  wounds 
completely,  as  rapidly  as  Dakin's  solution  (sodium  h^'pochlorite 
0.50  per  cent).  At  the  level  of  contact  of  the  paste  and  tissues  a 
thick  greenish  liquid  gradually  forms,  which  is  apparently  the  result 
of  the  action  of  the  secretion  of  the  wound  upon  the  paste.  Bac- 
teriological examination  shows  the  secretion  to  be  sterile,  but  it  is 
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important  to  wash  it  away  every  day  with  neutral  sodium  oleate 
before  making  a  fresh  appHcation.  For  wounds  in  the  process  of 
cicatrization,  paste  with  10  gm.  of  chloramine-T  per  kilo  seems  to 
retard  the  repair  slightly.  If  the  percentage  of  chloramine-T  is  fur- 
ther decreased,  the  antiseptic  action  decreases  proportionately. 
With  4  gm.  per  kilo  the  action  on  infected  wounds  is  extremely  weak, 
but  those  that  have  been  disinfected  remain  sterile  and  their  cicatri- 
zation is  normal. 

The  preparation  of  chloramine  paste  is  as  follows:  Boil  a  Hter  of 
distilled  water  and  add  80  gm.  of  stearic  acid.  When  this  has  melted, 
gradually  add  enough  caustic  soda  to  saponify  the  fatty  acid  and  after 
complete  solution  add  4  to  10  gm.  of  chloramine-T,  according  to  the 
concentration  desired.  The  mixture  is  then  placed  in  a  mixing  ma- 
chine and  shaken  until  thoroughly  cooled.  The  paste  is  a  smooth 
snow-white  cream.  Microscopic  examination  shows  that  it  is  com- 
posed of  a  compact  felting  of  fine  needles  retaining  in  capillary 
suspension  a  colorless  hquid.  The  sodium  stearate  is  slightly  soluble 
at  a  cold  temperature  and  produces  this  crystalHne  felting  which 
retains  in  its  interstices  the  antiseptic  solution.  The  paste  can  be 
kept  either  in  low  glass  jars  or  tin  tubes,  as  tin  is  not  corroded  by 
chloramine-T. 

The  principal  disadvantage  of  this  paste  is  its  poor  power  of  pres- 
ervation; numerous  trials  showed  that  10  per  cent  of  chloramine-T 
disappeared  per  month.  Substances  which  might  have  rendered  the 
paste  more  stable  were  either  inefficient  or  lessened  its  keeping  prop- 
erties. The  stabihty  of  the  paste  is  limited  by  the  stability  of  the 
solution  of  chloramine-T  because  the  antiseptic  is  in  solution  in  the 
paste. 

CONCLUSION. 

Dakin's  toluene  sodium  ^-sulfochloramide,  mixed  with  sodium 
stearate,  forms  a  paste  sufficiently  active  and  stable  to  be  used  in  the 
treatment  of  wounds. 


CICATRIZATION  OF  WOUNDS. 
VIIL     Sterilization  of  Wounds  with  Chloramine-T. 

By  ALEXIS  CARREL,  M.D.,  and  .\LICE  HARTMANN.  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  far  Medical  Research,  New  York, 
and  Hospital  21,  Compiegne,  France.) 

(Received  for  publication,  February  23,  1917.) 

In  a  previous  article^  it  was  shown  that  the  presence  of  bacteria 
at  the  surface  of  a  wound  retards  the  normal  process  of  cicatrization. 
According  to  the  nature  and  size  of  the  infection,  the  curve  repre- 
senting cicatrization  deviated  from  the  calculated  curve.-  In  order 
to  investigate  the  substances  which  are  capable  of  influencing  tissue 
repair,  it  is,  therefore,  imperative  that  the  wound  should  be  kept 
in  an  aseptic  condition.  No  specific  influence  on  the  progress  of 
heahng  could  be  attributed  to  the  substance  experimented  with 
unless  the  possible  action  of  infection  was  entirely  eliminated. 

Sterilization  of  a  wound  is  easily  effected  by  the  appHcation  of 
Dakin's  hypochlorite  solution  at  the  surface  of  the  tissues  under 
appropriate  conditions  of  concentration  and  duration.'  In  the  exper- 
iments to  be  described,  it  was  attempted  to  simphfy  the  method 
by  substituting  for  the  instillations  of  Dakin's  hypochlorite  solution 
a  paste  designed  gradually  to  >deld  up  to  the  tissues  one  of  Dakin's 
chloramines  contained  therein.  Investigations  were  undertaken  to 
ascertain  whether  this  paste  would  be  able  to  keep  a  sterile  wound  in 
an  aseptic  condition,  as  well  as  to  steriUze  an  infected  wound,  and 
whether  it  would  retard  tissue  repair. 

Chloramine  Paste. 

Some  unpublished  experiments  of  Dakin  had  showTi  the  necessity  of  avoiding  fat- 
ty substances  in  the  composition  of  paste  intended  for  the  sterilization  of  woiinds. 

^  Carrel,  A.,  and  Hartmann,  A.,  J.  Exp.  Med.,  1916,  xxiv,  429. 
2  du  Noiiy,  P.  L.,  J.  Exp.  Med.,  1916,  xxiv,  451. 

^  Carrel,  A.,  and  Dehelly,  G.,  Le  traitement  des  plaies  infectees,  Paris,  1916. 
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Dakin  mixed  with  vaseline  or  lanoline  certain  antiseptic  substances  which  are 
insoluble  in  water.  Once  these  substances  were  applied  to  the  wounds,  their 
bactericidal  power  became  almost  negligible.  Carrel  also  experimented  with 
aqueous  solutions  of  antiseptic  substances  mixed  with  lanoline,  but  they  failed 
to  have  an  influence  on  the  infected  wounds.  It  appeared  that  the  active  sub- 
stance remained  in  the  lanoline  and  exerted  no  effect  upon  the  bacteria.  Carrel 
next  combined  certain  antiseptic  substances  in  agar,  but  found  that  the  consis- 
tency of  the  agar  rendered  it  unsuitable  for  practical  use.  The  cakes  yielded  to 
the  tissues  the  liquid  they  contained,  but  they  were  too  brittle  and  easily 
destroyed. 

It  was  concluded  from  these  experiments  that,  in  order  to  be  efficient,  the 
bactericidal  substance  would  have  to  be  combined  with  a  fat-free  substance 
capable  of  being  moulded  exactly  to  the  surface  of  the  wound.  At  this  point 
Daufresne^  succeeded  in  preparing  a  paste  composed  of  sodium  stearate  and  of 
toluene  sodium  />-sulfochloramide,  the  bactericidal  properties  of  which  had  been 
discovered  by  Dakin  and  which  is  named  chloramine-T  for  convenience.  This 
paste  is  sufficiently  firm  not  to  flow  away  when  applied  to  a  wound,  and  yet 
fluid  enough  to  be  moulded  to  the  anfractuosities  of  a  granulating  surface  or  of  a 
fractured  bone.  The  paste  contains  8  per  cent  of  sodium  stearate  and  4  to  15 
parts  per  1,000  of  chloramine-T. 

The  paste  is  placed  in  sterile  glass  receptacles  from  which  it  is 
withdrawn  at  the  time  of  dressing  by  means  of  wooden  spatulas 
which  have  been  sterihzed  in  the  autoclave.  It  is  also  preserved  in 
tin  tubes,  to  the  ends  of  which  is  attached  a  rubber  tube  ending  in 
a  tapering  glass  tube.  By  means  of  the  tube  the  paste  can  be 
injected  into  deep  wounds  or  fistulas. 

Technique  for  the  Application  of  the  Chloramine  Paste. 

The  chloramine  paste  is  designed  to  maintain  in  an  aseptic  con- 
dition wounds  which  have  already  been  disinfected,  or  to  sterilize 
sHghtly  infected  wounds.  It  should  only  be  applied  to  wounds  which 
yield  small  quantities  of  secretion,  have  little  or  no  necrotic  tissue, 
and  little  or  no  infection. 

Neutral  sodium  oleate  is  poured  on  to  the  wound  and  the  sur- 
rounding skin  from  a  flask  with  a  small  opening.  The  granulations, 
the  epithelial  edges,  and  the  skin  are  gently  swabbed  with  a  piece  of 
absorbent  cotton  attached  to  a  forceps.     By  this  means  an  excellent 

*  Daufresne,  M.,  J.  Exp.  Med.,  1917,  xxvi,  91. 
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cleansing  process  is  effected.  The  patient  should  feel  no  pain;  any 
suffering  indicates  either  that  the  sodium  oleate  is  incorrectly  pre- 
pared or  that  the  cleansing  is  imperfectly  carried  out.  The  sodium 
oleate  is  next  removed  with  a  plug  of  cotton  soaked  in  water,  and  the 
surface  of  the  skin  is  dried  by  carefully  applying  a  compress  of 
absorbent  gauze. 

A  sufficient  quantity  of  chloramine  paste  is  withdrawn  from  the 
receptacle  by  means  of  a  steriHzed  wooden  spatula  and  applied  to  the 
surface  of  the  wound  to  the  thickness  of  at  least  1  cm.  It  should 
cover  not  only  the  granulations,  but  also  the  epithehal  edges  and 
part  of  the  surrounding  skin.  If  the  wound  is  deep  and  anfractuous 
the  tube  containing  the  chloramine  paste  is  introduced  into  the  open- 
ing, and  sufficient  chloramine  paste  is  expressed  to  fill  the  cavity. 
But  no  pressure  should  be  applied  during  the  process. 

A  compress  of  dry  gauze,  which  should  be  much  larger  than  the 
wound  itself,  is  next  placed  over  the  chloramine  paste.  The  com- 
press is  applied  to  the  surface  of  the  skin  and  attached  to  it  by  means 
of  two  or  three  strips  of  adhesive  plaster.  It  is  important  that  the 
gauze  should  be  placed  exactly  over  the  wound,  for  if  the  bandage  is 
shifted  the  gauze  will  introduce  bacteria  from  the  surrounding  skin  on 
to  the  surface  of  the  granulations  and  reinfection  will  ensue.  Above 
the  gauze  is  placed  a  piece  of  absorbent  cotton  enveloped  in  gauze. 
The  dressing  must  not  be  compressed  by  bandages  and  should  be 
renewed  every  24  hours.  The  wound  is  washed  out  with  sodium 
oleate  every  day  or  two,  depending  on  the  condition  of  the  skin. 
The  application  of  chloramine  should  be  painless;  any  sensation  of 
pain  signifies  a  technical  error  on  the  part  of  the  surgeon. 

The  bacteriological  condition  of  the  wound  is  examined  every  day 
in  fihn  preparations  of  secretions  taken  from  various  parts  of  the 
wound. 

Efect  of  a  Paste  Containing  4  Parts  per  1,000  of  Chloramine-T  upon 

the  Bacteriological  Condition  of  an  Aseptic  or 

Slightly  Infected  Wound. 

The  influence  of  sodium  stearate  containing  4  parts  per  1,000  of 
chloramine-T  was  first  tested  on  surface  wounds  which  had  been  ren- 
dered almost  aseptic  by  instillations  of  Dakin's  hypochlorite  solution. 
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In  the  first  experiment  a  comparison  was  made  of  the  effect  on 
the  bacteriological  condition  of  a  slightly  infected  wound  of  sodium 
stearate  alone,  and  of  sodium  stearate  containing  4  parts  per  1,000 
of  chloramine-T. 
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Text-Fig.  1.  Experiment  1.  Case  366.  Comparative  action  of  sodium 
stearate  and  of  sodium  stearate  containing  4  parts  per  1,000  of  chloramine-T. 
Wound  in  back  of  thigh.  The  upper  part  of  the  wound  is  dressed  with  sodium 
stearate  containing  4  parts  per  1,000  of  chloramine-T.  The  lower  part  is  dressed 
with  sodium  stearate.  The  upper  half  of  the  wound  is  sterile,  while  the  lower 
half  remains  unchanged.  The  soUd  line  indicates  the  upper  part  of  the  woimd; 
the  broken  line,  the  lower  part. 


Experiment  1.  Case  366.  Comparison  of  the  Action  of  Chloramine-T  and  of 
Sodium  Stearate. — Elongated  wound  at  the  back  of  the  thigh. 

May  4,  1916.  The  area  of  the  wound  is  23  sq.  cm.,  and  the  surface  averages 
1  bacterium  per  field  (Text-fig.  1).  The  upper  half  of  the  wound  is  dressed  with 
sodium  stearate  containing  4  parts  per  1,000  of  chloramine-T,  and  the  lower  half 
is  dressed  with  sodium  stearate. 

May  5.  The  upper  half  of  the  wound  contains  10  bacteria  per  field,  and  the 
lower  half  20  per  field.     Same  dressing. 

May  6.     Same  dressing. 

May  7.  The  upper  half  of  the  wound  is  aseptic;  the  lower  part  contains  3 
bacteria  per  field.    Same  dressing. 
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May  8.  The  upper  part  of  the  wound  is  aseptic;  the  lower  half  contains  1 
bacteriiun  per  field.     Same  dressing. 

May  12.     The  upper  half  has  no  bacteria,  and  the  lower  half  1  per  field. 

This  observation  shows,  on  the  one  hand,  that  sodium  stearate 
has  no  efifect  on  a  slightly  infected  wound,  and,  on  the  other  hand, 
that  sodium  stearate  containing  4  parts  per  1 ,000  of  chloramine-T  pro- 
duces surgical  asepsis.  The  bacteria  disappeared  completely  from 
the  films  taken  from  the  portions  of  the  wound  treated  with  chlora- 
mine-T, whereas  they  were  present  m  all  the  films  from,  the  part  not 
so  treated. 

In  the  followmg  experiments  it  was  attempted  to  maintain  in  an 
aseptic  condition  wounds  which  had  been  rendered  surgically  sterile 
at  the  beginning  of  treatment. 
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Text-Fig.  2.  Experiment  2.  Case  488.  Preservation  of  asepsis  in  a  wound  by 
treatment  with  chloramine-T  paste,  4  parts  per  1,000.  Wound  at  back  of  right 
leg.     Two  slight  reinfections. 


Experiment  2.  Case  488. 
amine-T,  4  Farts  per  1,000.- 
hypochlorite  solution. 


Slight  Reinfection  of  a  Wound  Treated  with  Chlor- 
-  Wound  at  back  of  right  leg.    Treated  with  sodium 


100 


CICATRIZATION   OF  WOUNDS.      VIII 


June  17,  1916.    The  wound  contains  but  1  bacterium  in  5  fields.     Dressing 
with  chloramine-T,  4  parts  per  1,000. 

June  21.     1  bacterium  in  5  fields  (Text-fig.  2). 

June  25-29.    No  bacteria. 

July  3.     Reinfection;  4  bacteria  per  field. 

July  7-19.     1  bacterium  in  20  fields;  sometimes  none. 

July  23.     Slight  reinfection;  6  bacteria  per  field. 

July  27.    No  bacteria;  complete  healing. 
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Text-Fig.  3.  Experiment  3.  Case  491. 
1,000,  upon  the  asepsis  of  a  wound. 


Effect  of  chloramine-T,  4   parts  per 


Experiment  3.  Case  491.  Wound  Kept  Aseptic  with  Chloramine-T,  4  Parts  per 
1,000.     Slight  Reinfection.— Wound  on  inner  side  of  right  thigh. 

Apr.  13,  1916.  Wound  is  covered  with  necrotic  tissue.  Moderate  .infection. 
Sterilization  with  sodium  hypochlorite. 

June  3.    The  wound  is  surgically  sterile. 

Jime  4.  Wound  is  granulating  and  still  shows  small  sections  of  necrotic 
aponeurosis.  In  these  parts  alone  about  3  bacteria  per  field  are  found.  The 
major  portion  of  the  wound  is  covered  with  surgically  sterile  granulations.  Wash- 
ing with  neutral  sodium  oleate;  dressing  with  4  parts  per  1,0(X)  of  chloramine-T. 

June  5-15.  The  wound  is  dressed  in  the  same  manner  and  remains  surgically 
sterile  (Text  fig.  3). 

July  9.  Reinfection  of  wound;  8  to  10  bacteria  per  field.  Dressing  with 
chloramine-T,  10  parts  per  1,000. 
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July  13.     Wound  is  sterile. 

July  14,     Chloramine  dressing,  4  parts  per  1 ,000. 

July  13-29.     Wound  has  remained  sterile. 
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Text-Fig.  4.  Experiment  4.   Case  450. 
1,000,  upon  the  asepsis  of  a  wound. 


Effect  of  chloramine-T,  4  parts  per 


Experiment  4.  Case  450.  Sterilization  of  a  Slightly  Infected  Wound  and  Pres- 
ervation of  Asepsis  with  Chloramine-T,  4  Parts  per  1,000. — Wound  on  outer  surface 
of  right  leg;  sterilized  with  sodium  hypochlorite. 

May  2,  1916.    The  secretions  contain  2  bacteria  per  field  (Text-fig.  4). 

May  3.  Wound  is  washed  with  neutral  sodium  oleate;  dressing  with  chlor- 
amine-T, 4  parts  per  1,000. 

May  7.    AU  the  bacteria  have  disappeared. 

May  13.  Grafts  of  skin  are  applied  to  the  granulations  and  the  wound  is 
dressed  with  wax  and  paraffin. 

Experiment  5.  Case  327.  Reinfection  of  a  Sterile  Wound  Treated  with  Chlor- 
amine-T, 4  Parts  per  1,000. — Wound  in  the  antero-external  region  of  the  left 
thigh;  sterilized  with  sodium  hypochlorite  and  chloramine-T  solution. 

May  25,  1916.  The  wound,  which  is  25  sq.  cm.  in  area,  is  surgically  sterile. 
Dressing  with  chloramine-T,  4  parts  per  1,000. 

May  29.    Wound  sterile  (Text-fig.  5) ;  same  dressing. 

June  3.    Wound  sterile;  same  dressing. 

Jime  7.    Reinfection;  same  dressing. 

June  27.    Large  number  of  bacteria. 
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Text-Fig.  5.  Experiment  5.  Case  327.     Reinfection  of  an  aseptic  wound  in 
spite  of  treatment  with  chloramine-T,  4  parts  per  1,000. 
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Text-Fig.  6.  Experiment  6.  Case  445.  Infection  of  cutaneous  origin  of  a 
smooth  and  granulous  wound  in  the  foot.  Sterilization  with  chloramine-T,  4 
parts  per  1 ,000. 
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Experiment  6.  Case  445.  Sterilisation  with  Chlaramine-T ,  4  Parts  per  1,000,  of 
a  Small,  Slightly  Infected  Surface  Wound. — Wound  in  the  dorsal  region  of  the  foot. 

May  12,  1916.  Wound  shows  grayish  granulations  and  the  secretions  contain 
approximately  100  bacteria  per  field  (Text-fig.  6).  Dressing  of  chloramine-T, 
4  parts  per  1,000. 

May  29.  Wound  is  surgically  sterile  and  remains  sterile  through  Jime  21, 
at  which  date  complete  healing  is  effected. 

It  has  thus  been  shown  that  wounds  in  the  fleshy  regions  could  be 
maintained  in  a  condition  of  surgical  asepsis  with  sodium  stearate 
containing  4  parts  per  1,000  of  chloramine-T.  It  was  also  possible  to 
sterilize  wounds  presenting  a  slight  infection  of  cutaneous  origin. 
But  in  other  cases  the  4  parts  per  1,000  of  chloramine-T  failed  to 
maintain  the  asepsis.  In  Experiment  5  cutaneous  reinfection  devel- 
oped in  spite  of  the  daily  apphcation  of  chloramine-T.  The  same 
occurred  in  Experiments  2  and  3,  in  which  bacteria  reappeared.  It  is 
probable,  therefore,  that  the  concentration  of  chloramine-T  was  too 
weak. 

Efect  oj  a  Paste  Containing  10  Parts  per  IfiOO  of  Chloramine-T  upon 

the  Bacteriological  Condition  of  an  Aseptic  or 

Slightly  Infected  Wound. 

Wounds,  in  some  cases  accompanied  by  fracture,  were  sterilized 
with  Dakin's  solution,  and  then  dressed  with  chloramine-T,  10  parts 
per  1,000. 

Experiment  7.  Case  548.  Preservation  of  Asepsis  with  Chloramine-T,  10  Parts 
per  1,000,  of  Two  Penetratitig  Wounds  in  the  Region  of  the  Buttocks,  Accompanied 
by  Extensive  Tissue  Detachment. — Deep  wounds  in  both  buttocks  caused  by  a 
projectUe  which  entered  the  right  thigh,  came  out  between  the  buttocks  in  the 
anal  region,  and  penetrated  the  left  buttock,  where  it  produced  extensive  muscular 
detachment.  The  large  wounds  and  the  intramuscular  channels  were  sterilized 
with  Dakin's  hypochlorite  solution. 

July  1,  1916.  The  right  wound  has  a  surface  area  of  4  sq.  cm.,  and  the  left  of 
10  sq.  cm.  These  wounds  communicate  by  means  of  deep  anfractuous  passages 
with  the  wounds  located  in  the  vicinity  of  the  anus.  Chloramine-T,  10  parts  per 
1,000,  is  carefully  injected  into  the  channels.    This  dressing  is  repeated  daily. 

July  6.  The  lower  portion  of  the  left  wound  has  closed  (Text-fig.  7).  The 
deep  channels  healed  spontaneously;  the  cavity  separating  the  right  wound 
from  the  anal  region  was  kept  in  an  aseptic  condition  by  means  of  chloramine-T, 
and  its  sides  grew  together  without  the  need  of  counter-incision. 
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Text-Fig.  7.  Experiment  7.  Case  548.  Preservation  of  asepsis  of  two  deep 
wounds  in  the  region  of  the  buttocks  by  the  use  of  chloramine-T,  10  parts  per 
1 ,000.     The  soHd  line  indicates  the  right  wound ;  the  broken  line,  the  left  wound. 
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Text-Fig.  8.  Experiment  8.  Case  516.     Preservation  of  asepsis  in  an  open 
fracture  by  means  of  chloramine  paste,  7  and  10  parts  per  1,000. 
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July  10.     Closing  of  the  left  wound. 

Aug.  6.  The  right  wound  is  sutured.  The  cun'e  indicated  that  the  wounds 
remained  aseptic  during  the  treatment. 

Experiment  8.  Case  516.  Maintenance  of  an  Osseous  Cavity  in  an  Aseptic  Con- 
dition with  Chloramine-T,  7  and  10  Parts  per  1,000. — May  17,  1916.  Fracture  of 
the  upper  part  of  the  left  tibia.    Local  sterilization  with  sodium  hypochlorite. 

June  4.  At  the  level  of  the  fracture  there  is  a  cavity  the  size  of  a  small  egg, 
containing  grayish  secretions.  The  opening  of  the  cavity  is  at  the  base  of  a 
wound  situated  on  the  inner  surface  of  the  leg.  The  wound  and  cavity  are  surgi- 
cally sterile.     They  are  filled  with  chloramine-T  paste,  5  parts  per  1,000. 

June  6.  The  paste  has  not  been  absorbed.  Between  the  paste  and  the  sur- 
face of  the  cavity  is  a  fluid,  transparent  substance.  Slight  reinfection;  4  bacteria 
per  field.     Chloramine  dressing,  7  parts  per  1,000. 

June  7.     Wound  is  sterile  (Text-fig.  8). 

June  13.  Wound  is  sterile.  After  the  osseous  cavity  has  been  filled  with 
chloramine  paste  a  portion  of  the  wound  is  sutured,  but  the  loss  of  cutaneous 
substance  effected  at  the  time  the  wound  occurred  prevents  its  complete  closure. 
The  open  part  of  the  wound  is  covered  with  chloramine  paste,  7  parts  per  1,000. 
The  wound  remains  aseptic. 

July  10.  Chloramine  paste  is  removed  from  the  osseous  cavity.  The  walls  of 
the  cavity  are  seen  to  be  covered  with  granulations.  Without  removing  the 
paste  which  remains  in  the  cavity,  the  latter  is  filled  with  chloramine  paste,  10 
parts  per  1,000.  The  osseous  cavity  has  remained  completely  aseptic.  The 
slight  reinfections  shown  by  the  curve  exist  only  at  the  edges  of  the  wound. 

Aug.  22.    The  cavity  has  almost  filled  and  is  covered  with  epithelium. 

Experiment  9.  Case  625.  Preservatian  of  Asepsis  in  Five  Flesh  Wounds  with 
Chloramine-T,  10  Parts  per  1,000. — Numerous  wounds  in  the  left  leg  produced  by 
bursting  shells. 

Sept.  5,  1916.  Patient  admitted  to  the  hospital.  The  wounds  are  covered 
with  pus  and  are  treated  with  sodium  hypochlorite. 

Sept.  11.  The  pus  has  disappeared  and  the  wounds  are  sterile  (Text-fig.  9). 
Chloramine  dressing,  10  parts  per  1,000. 

Sept.  13.  Suture  of  three  of  the  wounds;  the  other  two  are  dressed  with 
chloramine-T.     They  remain  sterile  through  Sept.  29,  when  they  are  sutured. 

Experiment  10.  Case  590.  Preservation  of  Asepsis  in  a  Flesh  Wound  with 
Chloramine-T ,  10  Parts  per  1,000. — Wounds  in  the  right  thigh,  accompanied  by 
femoral  fracture,  produced  by  bursting  shells.  Treated  with  sodium  hypo- 
chlorite. 

Sept.  11,  1916.  The  anterior  wound  is  surgicallj'^  aseptic  (Text-fig.  10). 
Chloramine  dressing.  The  wound  is  separate  from  the  site  of  the  fracture  and 
remains  sterile  through  Sept.  29  under  chloramine  dressing. 
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Text-Fig.  9.  Experiment  9.  Case  625.  Preservation  of  asepsis  of  flesh  wounds 
with  chloramine-T,  10  parts  per  1,000.  The  solid  line  indicates  the  posterior 
wound;  the  broken  line,  the  anterior  wound. 
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Text-Fig.  10.  Experiment  10.  Case  590.  Preservation  of  sterility  in  a  wound 
accompanied  by  femoral  fracture  with  chloraminc-T,  10  parts  per  1,000. 
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Text- Fig.  U.  Experiment  11.  Case  620.  Sterilization  of  a  slightly  infected 
wound  with  chloramine-T,  10  parts  per  1,000. 


Experiment  11.  Case  620.  Sterilization  of  a  Slightly  Infected  Flesh  Wound 
with  Chloramine-T,  10  Parts  per  IfiOO. — Nuxaerous  shell  wounds.  A  large  wound 
in  the  left  buttock  is  treated  with  sodium  hypochlorite.     It  is  gradually  cleansed. 

Sept.  25,  1916.  Wound  contains  10  to  20  bacteria  per  field  (Text-fig.  11). 
There  are  practically  no  secretions.     Chloramine  dressing,  10  parts  per  1,000. 

Sept.  27.    Wound  is  surgically  aseptic;  same  dressing. 

Oct.  1.    The  bacteria  have  completely  disappeared. 

Experiment  12.  Case  634.  Reinfectiort  Followed  by  Sterilization  of  Two 
Flesh  Wounds  with  Chloramine-T,  10  Parts  per  1,000. — Numerous  shell  wounds 
on  the  forehead,  shoulder,  and  elbow.  Disinfection  of  woimds  with  Dakin's 
hypochlorite  solution. 

Sept.  11,  1916.  The  wounds  on  the  forehead  and  left  shoulder  are  almost 
sterile  (Text-fig.  12).  Application  of  chloramine  paste  and  gauze  dressing.  The 
patient,  who  has  also  a  severe  fracture  of  the  elbow  and  several  other  wounds,  is 
very  restless  and  the  surface  dressings  become  displaced. 

Sept.  15  and  17.  Reinfection  from  the  skin.  Considerable  increase  in  the 
number  of  bacteria. 

Sept.  17.  Washing  with  neutral  sodium  oleate.  The  chloramine  dressing 
is  firmly  fixed  in  place. 

Sept.  19  and  21.     Rapid  diminution  in  the  number  of  bacteria.     Same  dressing. 

Sept.  29.     Both  wounds  are  sterile. 
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Text-Fig.  12.  Experiment  12.  Case  634.  Reinfection  of  cutaneous  origin, 
caused  by  shifting  of  dressing,  and  subsequent  sterilization  with  10  parts  per 
1,000  of  chloramine-T.  The  soHd  line  indicates  the  wound  on  the  forehead;  the 
broken  line,  the  wound  in  the  left  shoulder. 


The  six  experiments  given  above  were  selected  from  a  series  of 
sterile  or  slightly  infected  wounds  treated  with  chloramine-T  paste,  10 
parts  per  1 ,000.  In  every  case  the  chloramine-T  either  maintained  or 
produced  the  sterility  of  wounds  infected  from  the  skin.  Nevertheless, 
this  result  can  only  be  obtained  if  the  dressings  are  made  according 
to  the  technique  described  above.  In  Experiment  12,  the  dressings 
had  not  been  firmly  fixed  at  the  surface  of  the  wounds.  The  gauze 
shifted  slightly  and  a  cutaneous  reinfection  occurred.  But  steriliza- 
tion was  reestabHshed  as  soon  as  the  appropriate  technique  was 
applied. 

Sterilization  of  a  Wound  with  Chloramine-T,  10  Parts  per  1,000. 

The  above  experiments  and  many  others  having  shown  that  chlor- 
amine-T, 10  parts  per  1,000,  preserves  a  wound  in  an  aseptic  condition 
for  several  days  and  weeks,  we  next  endeavored  to  ascertain  whether 
it  would  also  effect  the  sterilization  of  an  infected  wound. 
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The  first  of  these  experiments  was  made  with  surface  wounds 
showing  no  ijecrotic  tissue  and  slight  infection.  Later  they  were 
applied  to  wounds  accompanied  by  a  fracture. 
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Text- Fig.  13.  Experiment  13.  Case  519.  Sterilization  of  two  surface  wounds 
of  the  left  thigh  with  chloramine-T,  10  parts  per  1,000.  The  solid  line  indicates 
the  inside  wound;  the  broken  line,  the  posterior  wound. 


Experiment  13.  Case  519.  Sterilization  oj  Two  Flesh  Wounds  -with  Chloramine-T, 
10  Parts  per  1,000. — Two  wounds  of  the  thigh  sterilized  with  sodium  hypochlorite; 
subsequent  reinfection.  The  wound  on  the  inner  side  measures  24  sq.  cm.; 
that  towards  the  back,  19  sq.  cm. 

Jime  25,  1916.  Both  wounds  are  covered  with  smooth  red  granulations.  No 
necrotic  tissue;  small  amount  of  secretion;  slight  infection.  Cocci,  diplococci, 
and  bacilli  appear  on  the  inside  wound  in  the  proportion  of  30  per  field,  and  12 
per  field  in  the  posterior  wound  (Text-fig.  13).  Application  of  chloramine  paste,  7 
parts  per  1,000. 

June  26.  Inside  wound  shows  cocci,  diplococci,  and  streptococci  averaging 
10  to  15  per  field.  In  the  posterior  wound  there  are  masses  of  cocci — 6  to  8  per 
field.  Washing  with  neutral  sodium  oleate;  dressing  with  chloramine  paste,  7  parts 
per  1,000. 

Jime  27.  Inside  wound  contains  1  coccus  in  5  fields;  posterior  wound  con- 
tains 1  coccus  in  every  7  fields. 

June  30.     Chloramine  dressing,  10  parts  per  1,000. 
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July  1.  Inner  wound  shows  1  coccus  in  8  fields;  posterior  wound  shows  1 
coccus  in  8  fields.    Same  dressing. 

July  4.    Few  bacteria.     From  this  time  on  the  wounds  remain  sterile. 
July  27.    The  posterior  wound  has  healed. 
July  31.    The  inside  wound  has  healed. 

This  experiment  shows  that  a  wound  covered  with  smooth  granula- 
tions, devoid  of  necrotic  tissue,  with  a  slight  quantity  of  secretion, 
and  a  varied  but  sparse  bacterial  flora,  may  be  completely  sterilized 
with  chloramine-T  paste.  The  experiment  was  repeated  with  a  large 
number  of  wounds  and  always  produced  identical  results.  Thereafter 
the  same  treatment  was  appKed  to  more  heavily  infected  wounds 
which  still  contained  some  necrotic  tissue. 
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Text-Fig.  14.  Experiment  14.  Case  591.  Sterilization  of  a  seton  wound  in  the 
sole  of  the  foot  with  chloramine-T,  10  parts  per  1,000. 


Experiment  14.  Case  591.  Sterilization  of  a  Seton  Wound  in  the  Sole  of  the  Foci 
with  Chloramine-T,  10  Parts  per  1,000. — Seton  wound  in  the  sole  of  the  foot  pro- 
duced by  a  fragment  of  a  torpedo  on  July  24. 

July  31,  1916.  The  wound  is  very  much  inflamed  and  infected.  Large  num- 
ber of  bacteria  (Text-fig.  14).     Treatment  with  Dakin's  hypochlorite  solution. 
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Aug.  3.  Sole  of  the  foot  still  infected.  At  the  surface  a  small  amount  of 
necrotic  tissue  remains.  Radiological  examination  of  the  wall  of  the  wound 
shows  the  presence  of  nine  minute  fragments  which  cannot  be  removed  owing 
to  their  small  size.  Injection  of  chloramine  paste  into  the  channel  and  chlora- 
mine  dressing,  10  parts  per  1,000. 

Aug.  4.    The  wound  still  contains  30  bacteria  per  field. 

Aug.  6  and  8.    The  wound  is  becoming  sterile. 

Aug.  10.    The  wound  now  contains  only  1  bacterium  per  field. 

Aug.  16.  The  wound  has  become  surgically  sterile.  It  remains  in  this  con- 
dition through  Sept.  22,  when  complete  sterilization  is  effected. 
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Text-Fig.  15.  Experiment  15.  Case  562.  Sterihzation  with  chloramine-T,  10 
parts  per  1,000,  of  a  slightly  infected  wound  in  the  right  buttock,  accompanied  by 
fracture  of  the  iliima. 


Experiment  15.  Case  562.  Sterilization  of  a  Wound  Accompanied  by  Fracture 
with  Chloramine-T,  10  Parts  per  1,000.— ]\Ay  4,  1916.  Large  shell  wound  in  the 
upper  part  of  the  right  buttock  and  fracture  of  the  ilium.  Wound  is  first  treated 
with  Dakin's  hypochlorite  solution. 

July  9.  The  surface  of  the  wound  is  cleansed.  The  secretions  average  15 
bacteria  per  field  (Text-fig.  15).  Dressing  with  chloramine  paste,  10  parts  per 
1,000. 

July  10.  Wound  is  covered  throughout  with  red  granulations;  only  at  iso- 
lated points  is  it  still  grayish  in  color.     Chloramine  dressing,  10  parts  per  1 ,000. 

July  13.     5  bacteria  per  field. 
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July  17.    The  grayish  spots  have  disappeared. 
July  20.     Wound  is  sterile. 
July  27.    Wound  is  sutured. 


About  1  bacterium  f>er  field. 
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Text-Fig.  16.  Experiment  16.  Case  646.  Sterilization  with  10  parts  per  1,000 
of  chloramine-T  of  a  deep,  slightly  infected  wound. 

Experiment  16.  Case  646.  Sterilization  of  a  Slightly  Infected  Flesh  Wound  with 
Chloramine-T,  10  Parts  per  1,000. — Sept.  8,  1916.  Numerous  siippurating  and 
severely  infected  wounds  on  the  left  leg.  Two  of  the  wounds  are  treated  for  48 
hours  with  Dakin's  hypochlorite  solution. 

Sept.  11.  The  inside  wound  is  still  infected  (Text-fig.  16).  It  is  deep,  and 
the  calf  is  still  inflamed.     Chloramine  dressing,  10  parts  per  1,000. 

Sept.  23.     Wound  is  surgically  sterile. 

Experiment  17.  Case  441.  Sterilization  of  a  Small,  Severely  Infected  Wound 
with  Chloramine-T,  10  Parts  per  1,000. — Sept.  4,  1916.  Removal  by  a  bursting 
shell  of  the  fourth  and  fifth  fingers  of  the  left  hand,  and  of  the  greater  part  of  the 
fifth  metacarpal. 

Sept.  6.  Suppurating  wound,  severely  infected  and  painful,  containing 
necrotic  tissue  and  large  numbers  of  bacteria.  Treatment  for  5  days  with  Dakin's 
hypochlorite  solution. 

Sept.  11.  The  wound  still  contains  large  numbers  of  bacteria  in  the  necrotic 
parts  (Text-fig.  17).  Red  granulations  have  appeared.  Dressing  with  chlor- 
amine paste,  10  parts  per  1 ,000. 
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Text-Fig.  17.  Experiment  17.  Case  441.  Sterilization  of  a  severely  infected 
wound  containing  a  small  quantity  of  necrotic  tissue  with  chloramine-T,  10  parts 
per  1,000. 

Sept.  13.    The  wound  contains  30  bacteria  per  field.     Same  dressing. 

Sept.  19.    Wound  is  almost  sterile;  contains  1  bacterium  per  field. 

Sept.  21.    A  few  bacteria  are  found  on  a  small  fragment  of  necrotic  aponeurosis. 

Sept.  25.     Wound  is  sterile. 

Experiment  18.  Case  626.  Sterilization  with  Chloramine-T,  10  and  15  Parts  per 
1,000,  of  a  Large,  Severely  Infected  Wound,  Accompanied  by  Fracture. — Extensive 
wound,  more  than  half  the  thickness  of  the  forearm  in  depth,  with  fracture  of 
the  radius  and  cubitus. 

Sept.  5,  1916.  The  wound,  which  is  9  days  old,  appears  grayish  in  color. 
The  muscular  and  osseous  surfaces  have  been  evened,  but  they  are  still  covered 
with  necrotic  tissue  and  blue  pus.  The  limb  is  swollen  and  painful.  Chloramine 
dressing,  10  parts  per  1,000. 

Sept.  7.  The  blue  pus  has  almost  completely  disappeared.  At  the  surface 
and  bottom  of  the  wound  some  necrotic  tissue  remains.  Application  of  chlor- 
amine paste,  15  parts  per  1,000,  at  the  level  of  the  osseous  extremities.  The  rest 
of  the  wound  is  covered  with  chloramine-T,  10  parts  per  1,000. 

Sept.  13.  The  wound  now  contains  1  bacterium  per  field  (Text-fig.  18). 
The  granulations  of  the  section  of  the  wound  treated  with  chloramine  paste,  15 
parts  per  1,000,  have  assumed  a  deep  red  color.  The  necrotic  tissue  has  completely 
disappeared. 
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Text-Fig.  18.  Experiment  18.  Case  626.  Sterilization  with  10  and  15  parts 
per  1,000  of  chloramine-T  of  a  wide,  severely  infected  wound  of  the  forearm,  ac- 
companied by  fracture  of  the  upper  part  of  both  bones,  and  with  pyocyanic 
infection  and  necrotic  tissue. 


Sept.  19.     Wound  is  surgically  sterile. 

Sept.  23.    The  bacteria  have  disappeared  from  the  films. 

Sept.  25.     Wound  is  sutured. 

The  wounds  in  the  above  experiments  were  in  different  stages  of 
infection.  Some  were  simple  flesh  wounds  unaccompanied  by  necrotic 
tissue  and  with  but  sHght  suppuration.  Others  showed  necrotic 
tissue  and  greater  suppuration,  while  in  a  third  group  cases  of 
severe  local  infection  were  accompanied  by  fracture.  The  wound  in 
Experiment  18  was  complicated  by  fracture  of  the  radius  and  ulna 
and  showed  abundant  suppuration.  Moreover,  it  contained  a  large 
number  of  pyocyaneus  bacilH.  All  these  wounds  were  easily  sterihzed 
with  chloramine-T  paste,  10  or  15  parts  per  1,000.  In  48  hours  the 
blue  pus  had  almost  completely  disappeared  from  Wound  18.  But 
sterihzation  took  place  more  slowly  than  would  have  been  the  case  if 
instillations  of  sodium  hypochlorite  had  been  used.  These  results 
were  obtained  with  a  paste  containing  10  to  15  parts  per  1,000  of 
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chloramine-T.  The  15  parts  per  1,000  of  chloramine-T  caused  slight 
irritation  to  the  skin  and  congested  the  granulations.  Apparently 
the  concentration  of  chloramine-T  must  not  exceed  10  parts  per  1,000. 

Efect  of  Chloramine  Paste  on  the  Rate  of  Cicatrization. 

In  the  following  experiments  an  attempt  was  made  to  determine 
whether  chloramine-T,  when  used  in  a  concentration  of  4  and  of  10 
parts  per  1,000,  has  any  effect  upon  the  process  of  cicatrization.  The 
chloramine  paste  was  applied  to  wounds  whose  surface  was  measured 
^very  4  days,  and  whose  healing  curve  had  been  calculated  according 
to  the  formula  of  du  Noiiy.  By  comparing  the  curves  as  calculated 
and  observed  we  were  able  to  determine  whether  the  action  of  the 
chloramine  paste  retarded  the  process  of  cicatrization.  Experiments 
were  made  with  surface  wounds  treated  with  chloramine-T  in  a  con- 
centration of  4  and  10  parts  per  1,000.  The  results  were  approxi- 
mately identical  in  all  cases.  Only  two  typical  experiments  will  be 
described. 
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Text- Fig.  19.  Experiment  19.  Case  450.  Effect  of  4  parts  per  1,000  of  chlor- 
amine upon  the  rate  of  cicatrization  of  a  wound.  Application  of  chloramine  paste 
on  May  3  to  13. 

Experiment  19.  Case  450.  Effect  of  Chloramine-T ,  4  Parts  per  1,000,  on  the  Cic- 
atrization of  an  Aseptic  Wound. — Granulous  wound. 
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May  3,  1916.  Wound  almost  sterile  and  contains  only  a  few  bacteria.  The 
surface  measures  15  sq.  cm.  The  cicatrization  curve,  calculated  according  to  the 
formula  of  du  Noiiy,  shows  that  the  healing  process  should  be  accomphshed  on 
June  8.     Chloramine  dressing,  4  parts  per  1,000. 

May  7.  The  wound  is  sterile;  same  dressing.  From  this  time  on  the  cicatriza- 
tion curve  descended  and  caught  up  with  the  calculated  curve  (Text-fig.  19). 

From  May  11  to  IS,  at  which  time  wax  was  substituted  for  the  chloramine-T, 
the  curve  followed  the  calculated  curve. 
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Text- Fig.  20.  Experiment  20.  Case  519.  Effect  of  chloramine-T,  7  and  10  parts 
per  1,000,  upon  the  rate  of  cicatrization  of  a  wound.  The  wound  was  dressed 
from  June  27  to  30  with  chloramine-T,  7  parts  per  1,000,  and  from  June  30  to 
July  27  with  chloramine-T,  10  parts  per  1,000. 


Experiment  20.  Case  519.  Effect  of  Chloramine-T,  7  and  10  Parts  per  1,000, 
upon  the  Cicatrization  oj  an  Aseptic  Wound. — Granulating  wound  at  the  back  of 
the  thigh. 

June  25,  1916.  Superficial  measurement,  19  sq.  cm.  The  secretions  contain 
10  bacteria  per  field.  The  course  of  cicatrization  is  calculated  according  to  the 
formula  of  du  Noiiy. 

June  27.  I'he  wound  is  surgically  aseptic.  Chloramine  dressing,  7  parts  per 
1,000,  is  used  until  June  30. 

June  30  to  July  27.  Chloramine  dressing,  10  parts  per  1,000.  The  curve 
coincided  almost  exactly  with  the  calculated  curve;  nevertheless,  after  July  19 
slight  retardation  of  the  healing  process  apparently  occurred  (Text-fig.  20). 
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The  above  experiments,  as  well  as  others  that  are  analogous,  show 
that  sodium  stearate  containing  from  4  to  10  parts  per  1,000  of 
chloramine-T  does  not  retard  the  process  of  cicatrization  to  an  appreci- 
able extent.  In  Experiment  20  during  the  first  25  days  the  observed 
curve  coincided  with  the  calculated  curve,  after  which  the  rate  of 
healing  became  slightly  reduced. 

SUMMARY. 

Sodium  stearate  has  no  effect  upon  the  bacteriological  condition 
of  a  wound,  but  the  addition  of  4  parts  per  1,000  of  chloramine-T 
renders  it  antiseptic.  Experiment  1  enabled  us  to  compare  the  action 
of  sodium  stearate  alone  with  that  of  sodium  stearate  containing 
4  parts  per  1 ,000  of  chloramine-T.  Wounds  which  had  been  previous- 
ly sterilized  could  be  maintained  in  an  aseptic  condition  by  4  parts  per 
1,000  of  chloramine-T,  although  in  some  cases  reinfection  occurred 
(Experiments  2,  3,  and  5).  For  this  reason  the  concentration  of 
chloramine-T  was  increased. 

Surface  wounds,  deep-seated  wounds,  and  osseous  cavities,  which 
had  previously  been  either  completely  or  almost  completely  sterilized, 
could  be  maintained  for  days  and  even  weeks  in  a  condition  of  surgical 
asepsis  by  the  use  of  a  paste  containing  7  and  10  parts  per  1,000  of 
chloramine-T.  Experiments  7,  8,  9,  10,  and  12  are  examples  of 
this.  SKghtly  infected  wounds  (Experiments  9,  11,  and  12)  were 
sterilized  in  the  same  manner. 

Next,  it  was  attempted  to  sterilize  wounds  which  were  suppurating 
and  more  or  less  infected,  and  in  some  cases  accompanied  by  fracture. 
This  attempt  was  probably  successful  because  the  wounds  used  for  the 
experiments  showed  but  slight  quantities  of  secretions  and  only  a  shal- 
low layer  of  necrotic  tissue.  It  is  useless  to  attempt  to  steriKze  severe- 
ly infected  wounds  with  a  paste,  for  the  volume  of  chloramine-T  that 
can  be  appHed  is  too  limited.  A  large  volume  of  an  active  substance 
is  required  to  sterilize  a  wound  which  secretes  great  quantities  of  pus, 
for  owing,  on  the  one  hand,  to  the  dilution  of  this  substance  with  the 
secretions,  and,  on  the  other,  to  its  combination  with  the  proteins 
contained  in  the  pus,  the  concentration  of  the  antiseptic  is  rapidly 
diminished.     For  these  reasons  it  is  essential  that  the  antiseptic  sola- 
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tion  should  be  constantly  renewed,  so  that  the  concentration  may  be 
sufficiently  strong  to  effect  the  destruction  of  the  bacteria.  Therefore, 
the  chloramine-T  paste  cannot  sterihze  a  severely  infected  wound. 

The  concentration  of  the  active  substance  contained  in  a  paste 
must  at  the  same  time  be  sufficiently  weak  to  be  innocuous  to  the 
tissues.  We  have  seen  that  it  should  not  exceed  15  parts  per  1,000. 
Thus,  it  is  evident  that  if  the  secretions  from  the  wounds  are  abun- 
dant, the  substance  could  exert  its  action  upon  the  microorganisms 
for  the  space  of  only  a  few  hours.  For  this  reason  the  chloramine 
paste  should  only  be  applied  under  the  conditions  specified  in  our 
experiments;  that  is,  in  connection  with  moderately  infected  wounds 
which  have  been  carefully  washed  with  sodium  oleate,  and  possess 
but  slight  quantities  of  secretion.  Under  these  conditions,  the  chlor- 
amine paste  effects  the  complete  disappearance  of  the  bacteria  and 
maintains  the  steriUty  thus  secured  for  as  long  a  time  as  may  be 
wished.  If  the  technique  followed  in  the  dressing  is  not  exactly  as 
above  described,  reinfection  will  occur.  If  appHed  in  this  manner  the 
chloramine  paste  is  not  injurious  to  the  tissues,  for  the  cicatrization 
curves  of  the  wounds  thus  treated  show  but  slight  modification  from 
the  calculated  curves. 

Chloramine  paste  makes  it  possible,  therefore,  to  keep  wounds 
sufficiently  free  from  microorganisms  so  that  the  effect  of  substances 
which  are  believed  to  influence  cicatrization  can  be  studied. 

CONCLUSIONS. 

1.  Under  the  conditions  of  our  experiments  chloramine  paste 
maintains  the  asepsis  of  a  wound  already  sterile,  and  sterilizes  an 
infected  wound. 

2.  Under  the  same  conditions  chloramine  paste  causes  no  apparent 
modification  of  the  cicatrization  curve  of  an  aseptic  wound. 


TOXIN   AND    ANTITOXIN   OF   AND    PROTECTIVE    INOC- 
ULATION AGAINST  BACILLUS  WELCHII. 

By  CARROLL  G.  BULL,  M.D.,  and  IDA  W.  PRITCHETT. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  April  15,  1917.) 

This  study  of  the  pathogenicity  of  infection  by  the  group  of  Bacil- 
lus welchii    has    followed    from   several    fortiiitmi«i    rimimcfani-ac 
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On  page  119,  Vol.  XXVI,  No.   1,  July  1,    1917,  line    1,  read  pathology  for 
pathogenicity. 


believed  that  a  better  understanding  of  the  one  condition  would 
serve  to  explain  many  still  obscure  points  in  the  other. 

It  will  be  of  interest  in  this  connection  to  review  briefly  certain 
facts  concerm'ng  gas  bacillus  infection  in  the  pigeon,  since  the  condi- 
tion is  one  little  known  to  pathologists  and  bacteriologists.  The 
classical  article  by  Welch  and  Nuttall*  on  the  gas  bacillus  appeared 
in  1892.  It  was  followed  by  a  paper  on  gas  bacillus  infection  in  man 
by  Welch  and  Flexner^  in  1896.  The  latter  article  was  incomplete,^ 
and  the  concluding  part  which  was  to  appear  in  the  next  number  was 
never  pubHshed.  The  second  paper  was  to  deal  more  particularly 
with  experimental  gas  bacillus  infection  in  animals — in  the  guinea 

1  Welch,  W.  H.,  and  Nuttall,  G.  H.  F.,  Bull.  Johns  Hopkins  Hosp.,  1892,  iii,  81. 

2  Welch,  W.  H.,  and  Flexner,  S.,  /.  Exp.  Med.,  1896,  i,  24. 
^  Personal  communication  from  Dr.  Flexner. 
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pig  and  pigeon  particularly.  Since  the  pigeon  had  proved  to  be 
highly  subject  to  infection  and  to  respond  with  characteristic  path- 
ologic reactions,  that  animal  came  to  be  employed  by  the  laboratory 
staff  in  the  more  or  less  routine  study  of  the  gas  bacillus.  But  be- 
cause of  the  circumstances  stated,  no  full  and  sufficient  description 
of  the  local  lesions  in  the  pigeon,  which  in  disorganizing  effect  are 
comparable  with  the  destructive  lesions  sometimes  present  in  man, 
came  to  be  published  until  some  years  later,  when,  at  Dr.  Flexner's 
suggestion.  Dr.  Herter,^  then  engaged  in  the  study  of  the  Bacillus 
welchii  group  of  bacteria  occurring  in  the  ahmentary  tract,  employed 
this '  animal  for  inoculation.  The  lesions  as  described  by  Herter 
agree  closely  with  those  present  in  our  pigeons  inoculated  with  cul- 
tures of  the  bacilli. 

Sources  and  Nature  of  Cultures. 

The  main  part  of  our  experiments  has  been  made  with  five  strains 
of  Bacillus  welchii,  of  which  four  were  obtained  through  the  kindness 
of  Dr.  Simonds.  The  fifth  was  isolated  by  us  from  a  piece  of  clothing 
which  had  long  been  worn.  The  history  of  the  Simonds  cultures 
follows.     The  tests  given  were  made  by  him. 

Strain  365  a. — Isolated,  Aug.  13,  1916,  from  scrapings  from  a  bullet  wound 
of  the  thigh,  which  showed  a  moderately  severe  gaseous  gangrene.  Its  virulence 
for  laboratory  animals  had  not  been  tested. 

Strain  386  cd. — Isolated,  Sept.  9,  1916,  from  a  fragment  of  shell  with  adherent 
bits  of  clothing,  removed  from  a  wound  of  the  thigh.  The  patient  did  not  de- 
velop gaseous  gangrene.     The  organism  had  not  been  pathogenic  for  guinea  pigs. 

Strain  617  d. — Isolated,  Aug.  27,  1916,  from  a  case  of  violent  gaseous  gangrene 
following  a  bullet  wound  of  the  thigh  with  injury  to  and  subsequent  ligature 
of  the  large  vessels  of  the  leg.  The  limb  was  amputated.  Although  the  stump 
was  gaseous,  the  patient  recovered.  This  strain  is  very  pathogenic  for  guinea 
pigs,  producing  typical  lesions  and  killing  the  animal  in  less  than  24  hours  after 
subcutaneous  injection  of  0.5  cc.  of  a  24  hour  dextrose  broth  culture. 

Strain  669  h. — Isolated,  Aug.  21,  1916,  from  a  case  of  gaseous  gangrene  fol- 
lowing a  bullet  wound  wliich  caused  shattering  of  the  lower  end  of  the  femur. 
The  leg  was  amputated;  the  patient  recovered.  Injection  of  0.5  cc.  of  a  24  hour 
dextrose  broth  culture  subcutaneously  into  a  guinea  pig  was  followed  by  a  local- 

■'  Herter,  C.  A.,  Bacterial  infections  of  the  digestive  tract,  New  York,  1907, 198. 
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ized  gaseous  gangrene  and  sloughing  of  the  skin  and  subcutaneous  tissues. 
The  animal  died  2  weeks  after  the  injection.  No  gas  bacilli  were  found  at  autopsy 
in  films  from  tissues  adjacent  to  the  slough. 

The  history  of  our  own  strain  is  as  follows:  A  piece  of  cloth  from  the  lining  of  an 
old  overcoat  was  thrust  with  tissue  forceps  deep  into  the  right  breast  muscle  of 
an  anesthetized  pigeon.  The  next  morning  the  wounded  muscle  was  greatly 
swollen,  and  crepitation  was  present.  Pressure  near  the  wound  forced  out  gas 
bubbles  which  ignited  with  a  snap.  The  pigeon  was  drooping  and  died  at  2.30 
p.m. 

Autopsy. — The  skin  over  the  right  side  was  edematous  and  covered  with 
blebs.  There  was  a  reddish  brown  gelatinous  exudate  in  the  subcutaneous  tis- 
sues of  both  groins  and  extending  over  the  right  pectoral  muscles.  A  film  prepa- 
ration made  from  this  exudate  contained  a  few  plump  Gram-positive  bacilli. 
The  inoculated  muscle  was  edematous  and  necrotic,  most  pronounced  about  the 
cloth,  but  extending  along  the  muscle  sheaths  to  the  insertion  of  the  fibers.  Films 
from  the  necrotic  muscle  contained  many  plump  Gram-positive  bacilli  and  a  few 
Gram-positive  diplococci  and  Gram-negative  bacilli. 

Tubes  of  recently  boiled  litmus  milk,  blood  agar,  and  blood  bouillon 
were  inoculated  with  the  subcutaneous  exudate  and  necrotic  muscle. 
After  24  hours'  incubation,  the  milk  tubes  showed  the  so  called 
''stormy  fermentation,"  and  those  inoculated  with  the  subcutaneous 
exudate  contained  a  plump  Gram-positive  bacillus  in  pure  culture. 
The  tubes  from  the  necrotic  muscle  contained  a  similar  bacillus, 
together  with  Gram-positive  cocci  in  pairs  and  short  chains  and  a 
Gram-negative  bacillus.  The  blood  media  inoculated  with  the 
subcutaneous  exudate  remained  sterile,  while  those  of  the  necrotic 
muscle  yielded  cocci  and  Gram-negative  bacilli  only,  the  latter 
proving  to  be  a  variety  of  Bacillus  coli.  We  shall  call  the  culture 
of  the  Gram-positive  bacillus,  to  be  described  more  fully  later,  P-50. 

The  five  cultures  of  Gram-positive  bacilli  enumerated  have  been 
tested  for  motihty,  spore  formation,  quantitative  acid  and  gas  pro- 
duction, liquefying  action  on  gelatin  at  22°  and  37°C.,  pathogenicity 
for  guinea  pigs,  rabbits,  and  pigeons,  and  still  other  properties.  For 
example,  the  several  strains  have  been  tested  for  agglutination  and 
lysis  in  normal  rabbit  and  guinea  pig  sera,  for  hemolysins,  for  gas 
production  in  rabbits  after  the  method  of  Welch  and  Nuttall,  and  for 
agglutination  in  artificially  produced  immune  sera.  As  far  as  these 
tests  are  indicative,  they  place  all  five  cultures  among  the  group  of 
Bacillus  welchii;  so  far  as  they  relate  to  specific  properties,  e.g., 
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specific  and  cross  agglutination,  they  indicate  certain  differences 
among  them  such  as  have  commonly  been  observed  among  members 
of  the  group. 

Pathologic  Effect  in  Animals. 

The  feature  of  most  importance  among  the  properties  just  given 
which  define  this  group  of  bacilli  is  pathogenic  effect.  This  is  true 
in  the  first  place  because  of  the  similarity  of  certain  of  the  lesions  in 
animals  to  those  arising  in  gaseous  gangrene  in  man;  and  next  and 
especially,  because  the  investigation  of  the  manner  in  which  the 
lesions  arise  in  animals  led  us  to  the  discovery  of  the  conditions  under 
which  a  highly  potent  soluble  toxic  agent  is  regularly  produced  by 
the  baciUi  on  which  their  poisonous  or  lethal  action  chiefly  if  not 
wholly  depends. 

In  the  past,  the  laboratory  animal  usually  employed  to  test  path- 
ogenicity of  Bacillus  welchii  has  been  the  guinea  pig.  Many  more 
cultures  produce  mild  local  infections,  from  which  recovery  takes 
place,  than  severer  ones  which  are  fatal.  But  the  subcutaneous  or 
intramuscular  injection  of  cultures  gives  rise  to  local  swelling,  gas 
production,  liquefactive  necrosis  of  the  involved  muscle  and  skin, 
and,  if  the  animal  survives,  eventual  sloughing  and  cicatrization. 

The  rabbit  is  more  resistant  to  local  infection  than  is  the  guinea 
pig,  but  nevertheless  lesions  can  be  produced  by  active  cultures  which 
in  general  resemble  those  of  the  guinea  pig.  The  rabbit  reacts 
cither  to  more  highly  virulent  cultures  or  to  larger  doses  of  less  ef- 
fective ones.  In  the  case  of  the  former,  death  may  result.  But  in 
both  the  rabbit  and  the  guinea  pig  general  blood  invasion,  even  when 
the  course  of  the  infection  is  lethal,  either  does  not  take  place  at  all 
or  so  few  bacilli  enter  the  blood  that  the  cause  of  death  cannot  be 
attributed  to  a  septicemia. 

The  peculiar  susceptibility  of  the  pigeon  to  infection  with  Bacillus 
welchii  has  not  been  utilized  to  the  degree  deserved.  For  in  no  other 
laboratory  animal  is  infection  produced  so  readily  and  with  such  a 
wide  number  of  cultures,  and  in  no  other  does  the  pathologic  process 
proceed  so  swiftly  and  characteristically  and  with  effects  so  nearly 
resembling  the  condition  of  gaseous  gangrene  in  man.  Probably  this 
lack  of  use  of  the  pigeon  is  to  be  ascribed  to  the  rather  brief  refer- 
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ences  made  to  the  subject  in  the  literature,  which  is  almost  confined 
to  a  few  summary  statements  emanating  from  the  Johns  Hopkins 
Hospital  at  about  the  period  already  referred  to.  Dr.  Flexner  him- 
self employed  mainly  blood  containing  large  numbers  of  the  bacilli 
for  inoculating  pigeons.  In  some  instances  the  blood  was  taken 
post  mortem  from  human  cases,  and  in  others  from  rabbits  injected, 
killed,  and  incubated  by  the  Welch-Nuttall  method.  Inoculation 
from  pigeon  to  pigeon  was  also  carried  out.  The  animals  succumbed 
at  periods  ranging  from  5  to  24  hours.  The  autopsies  revealed  lesions 
precisely  like  those  already  described  (page  121),  except  that  the  in- 
jected blood  would  often  remain  to  tinge  the  tissues.  The  bacilli 
were  very  numerous  in  the  disorganized  muscle,  fewer  in  the  gelati- 
nous exudate,  and  very  few  in  or  absent  from  the  heart's  blood. 

The  five  cultures  were  pathogenic  for  pigeons,  although  not  equally 
so.  Simonds'  Culture  617  d  proved  most  virulent,  not  only  for 
pigeons,  but  for  rabbits  and  guinea  pigs  also.  Doses  of  0.01  to  0.05 
cc.  of  a  20  hour  glucose  broth  culture  injected  directly  into  the  breast 
muscles  were  invariably  fatal  to  pigeons  in  6  to  20  hours.  0.0005 
cc.  of  such  a  fluid  culture  put  upon  a  bit  of  gauze  and  introduced 
into  the  muscles  usually  but  not  invariably  produced  fatal  infection. 
Of  Cultures  365  a  and  669  b  approximately  0.1  cc.  of  a  glucose  broth 
culture  was  the  minimal  lethal  dose ;  while  the  dose  of  Cultures  386 
cd  and  P-50  required  to  produce  corresponding  effects  was  0.2  to  0.3 
cc.-  The  minimal  lethal  doses  for  guinea  pigs  and  rabbits  were  several 
times  those  used  for  the  pigeons. 

Cause  of  Death  in  Bacillus  welchii  Infection. 

In  man,  infection  with  Bacillus  welchii  tends  to  be  a  local  process, 
even  when  severe,  and  invasion  of  the  general  blood  occurs  if  at  all 
only  during  the  death  agony  or  post  mortem.  In  a  small  number  of 
instances  in  man  general  infection  seems  to  have  played  an  important 
part  in  causing  or  hastening  death. ^  But  as  these  cases  are  the  ex- 
ception, even  when  death  occurs,  in  man  as  well  as  in  the  pigeon, 
rabbit,  and  guinea  pig,  it  may  be  assumed  that  soluble  chemical 
substances  entering  the  circulation  from  the  local  lesion  bring  about 

^Thaon,  P.,  Compt.  rend.  Soc.  biol.,  1908,  Ixiv,  863. 
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the  severe  symptoms  and  the  fatal  termination.  The  question  at 
once  arising  from  this  general  consideration  relates  to  the  probable 
nature  of  the  poisonous  bodies.  Several  possibilities  present  them- 
selves: They  may  arise  from  the  bacilli,  they  may  be  yielded  by  the 
disorganizing  tissues,  or  they  may  be  of  the  nature  of  acids  which 
disturb  profoundly  the  hydrogen  ion  concentration  of  the  body  fluids. 
The  protocols  which  follow  are  given  to  show  the  manner  in  which 
death  may  be  produced  in  rabbits  and  pigeons  under  circumstances 
in  which  the  blood  remains  wholly  or  practically  free  of  the  bacilli. 

Experiment  1. — Pigeon.  11  a.m.  0.2  cc.  of  a  glucose  broth  culture  of  Culture 
617  d  was  injected  into  the  breast  muscle.  6.30  p.m.  Animal  died.  Imme- 
diate autopsy.  Usual  gaseous,  gelatinous,  and  necrotic  local  lesions  containing 
myriads  of  bacilli.  Films  from  the  heart's  blood  and  peritoneal  fluid  showed 
no  bacilli,  although  a  few  were  present,  as  a  glucose  broth  culture  was  positive. 

Experiment  2. — Pigeon.  11  a.m.  2  cc.  of  broth  culture  of  Cvilture  617  d  in- 
jected into  breast  muscles.  2.30  p.m.  Animal  died,  having  survived  3|  hours. 
Local  lesions  similar  to  the  preceding  experiment,  but  the  films  from  heart's 
blood  contained  a  few  bacilli. 

These  experiments  were  varied  and  repeated  with  different  doses 
of  the  culture,  but  in  no  instance  did  a  severe  septicemia  develop. 

Experiment  3. — Rabbit.  11  a.m.  Sediment ed  bacilli  from  10  cc.  of  a  24  hour 
glucose  broth  culture  of  Culture  365  a  were  injected  into  the  ear  vein.  12  m. 
Films  from  the  heart's  blood  showed  a  few  bacilli,  and  the  culture  was  positive. 
9.30  p.m.  Animal  stuporous  and  breathing  heavily.  10  p.m.  Films  and  cul- 
tures from  heart's  blood  negative.  10.20  p.m.  Died.  Immediate  autopsy 
showed  a  dark  and  large  spleen,  but  blood  intact  and  serum  clear.  Films  and 
cultures  yielded  no  bacilli  from  the  blood  but  some  from  the  spleen  and  liver. 

Experiment  4. — Rabbit.  Mar.  14,  1917.  11  a.m.  Sedimented  bacilli 
from  2  cc.  of  broth  culture  No.  617  d  given  intravenously.  Mar.  19,  8  a.m. 
Dead.  Autopsy  showed  bloody  fluid  in  peritoneum  and  small  amoimt  of  clear 
fluid  in  pleura.  The  former  contained  many,  the  latter  few  bacilli;  the  heart's 
blood  contained  none. 

It  is  apparent  from  these  experiments  that  the  death  of  the  ani- 
mals— ^pigeons  and  rabbits — is  not  closely  bound  up  with  the  multi- 
plication of  the  bacilli  in  the  general  circulation.  The  rabbit  experi- 
ments indicate  that  the  bacilli  have  no  power  to  remain  in  the  blood 
stream,    and    even  when  diminishing    in  numbers    in   the    internal 


CARROLL   G.    BULL   AND   IDA   W.    PRITCHETT  125 

organs  still  exert  poisonous  effects.  Hence  it  may  be  concluded 
that  poisons  are  liberated  from  the  bacilli,  but  whether  merely 
secreted  or  only  yielded  upon  disintegration  is  not  indicated  by  these 
tests.  The  next  step  therefore  was  to  look  for  soluble  toxic  sub- 
stances in  the  fluid  cultures.  For  this  purpose  24  hour  glucose  broth 
growths  were  employed. 

Experiment  5. — (a)  Rabbit;  weight  1,950  gm.  8  cc.  of  Culture  669  b  were 
injected  intravenously.  Immediately  following  the  injection  the  animal  be- 
came greatly  excited,  respiration  became  rapid,  prostration  followed,  and 
death  occurred  in  7  minutes  from  respiratory  failure. 

(6)  Rabbit;  weight  1,700  gm.  9  cc.  of  Culture  617  d  similarly  injected.  14 
minutes  later  this  animal  suddenly  became  excited,  jumped  from  the  basket,  and 
died  7  minutes  later  of  respiratory  failure. 

(c)  Rabbit;  weight  1,800  gm.  10  cc.  of  Culture  365  a  intravenously  injected. 
Died  within  6  minutes  under  similar  circumstances  to  those  in  (a)  and  {h) . 

In  other  words,  an  acutely  fatal  effect  can  be  produced  from  large 
quantities  of  a  broth  culture  injected  intravenously.  Less  quan- 
tities (1  to  2  cc.  per  kilo)  produce  no  immediate  symptoms  but  cause 
death  in  from  6  to  24  hours.  Differences  in  virulence  only  appear 
from  the  smaller  doses  and  at  once  distinguish  Culture  617  d  as  the 
most  active.  The  massive  doses  of  cultures  exerted  an  injurious 
effect  on  the  red  blood  corpuscles,  which  are  destroyed  in  large 
numbers.  On  the  other  hand,  the  bacilli  do  not  tend  to  agglutinate 
rapidly  in  the  blood  stream.  By  performing  intra  vitam  agglutina- 
tion tests,  it  was  found  that  Culture  386  cd  alone  became  rapidly 
agglutinated.  This  one  was  the  least  active,  requiring  the  largest  dose 
to  cause  acute  death.  The  blood  became  free  of  the  other  cultures 
only  after  4  to  8  hours.  It  appears  then  that  bacillary  emboHsm 
is  not  the  probable  cause  of  the  acute  lethal  effects. 

The  toxicity  of  the  fluid  portion  of  the  broth  cultures  was  inves- 
tigated. Since  in  these  tests  centrifugation  alone  was  employed, 
pigeons  could  not  be  used,  as  the  small  number  of  bacilh  remaining 
was  sufficient  to  cause  infection;  hence  rabbits  were  again  injected. 
We  may  mention  here  that  the  injection  of  2  to  4  cc.  of  the  centrifuged 
fluid  subcutaneously  or  intramuscularly  into  rabbits  would  sometimes 
lead  to  severe  local  and  fatal  infection.  The  fluid  therefore  possessed 
aggressive  activity. 
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Experiment  6. — (a)  Rabbit;  weight  1,475  gm.  Injected  10  cc.  of  supernatant 
fluid  of  glucose  broth  culture  No.  617  d  intravenously.  Immediate  collapse, 
air  hunger,  and  death  in  2  minutes.  The  red  corpuscles  were  largely  disorgan- 
ized. The  serum  was  reddish  brown,  and  the  remaining  corpuscles  appeared 
as  mere  shadows. 

{h)  Rabbit;  weight  1,400  gm.  Before  injection  the  red  corpuscles  numbered 
5,600,000  and  the  wliite  8,700  per  c.mm.  12  m.  4  cc.  of  supernatant  fluid  of 
Culture  617  d  were  injected  intravenously.  20  minutes  later  breathing  was 
rapid  and  labored;  the  animal  was  very  weak,  and  the  red  cells  had  fallen  to 
80,000  per  c.mm.  The  white  cells  were  unchanged.  1.20  p.m.  Animal  pros- 
trate, the  red  cell  count  84,000,  and  the  white  cells  8,300  per  c.mm.  10  minutes 
later  respiration  ceased.  The  kidneys  were  dark  brown  in  color,  the  bladder 
contained  dark  brown  urine,  and  the  few  remaining  red  corpuscles  were  shadowy. 

(c)  Rabbit;  weight  1,375  gm.  Red  cells  5,250,000  perc.mm.  11.50  a.m.  Re- 
ceived 3  cc.  of  supernatant  fluid,  Culture  617  d.  12.15  p.m.  Respiration  accel- 
erated, red  cells  1,600,000.  3  p.m.  Red  cells  1,650,000.  Died  in  night.  The 
urine  found  was  dark  brown  in  color.     Kidneys  chocolate  colored. 

It  would  appear  to  be  shown  by  these  experiments  that  the  acutely 
fatal  effects  of  massive  doses  of  the  broth  cultures  as  such  or  when 
separated  in  large  part  from  the  bacilli  themselves  are  due  to  some 
body  causing  rapid  and  extensive  blood  destruction.  Whether  any 
other  factor  plays  a  part  these  experiments  do  not  determine. 

The  next  experiments  were  devised  to  rule  out  the  factor  of  acidity. 
The  different  supernatant  fluids  exhibited  acidities  ranging  from  2.5 
to  4.5  per  cent  in  terms  of  normal  sodium  hydroxide,  with  phenol- 
phthalein  as  indicator.  References  in  the  literature  point  to  the 
acid  and  especially  the  butyric  acid  content  of  cultures  as  responsible 
for  the  toxic  effects.  Two  sets  of  tests  were  made  (1)  by  neutraHz- 
ing  the  broth  with  sodium  hydroxide  and  (2)  by  comparing  the 
acidity  with  the  toxicity  of  different  fluids. 

Experiment  7. — Rabbit;  weight  1,575  gm.  Red  cells  5,450,000.  12  m.  5  cc. 
of  supernatant  fluid  of  Culture  617  d  neutralized  with  sodium  hydroxide  were 
injected  intravenously.  12.35  p.m.  Red  cells  1,600,000.  1.50  p.m.  Red  cells 
800,000.  Respiration  rapid,  animal  tires  easily.  3  p.m.  Red  cells  600,000. 
Animal  died  during  night.  The  autopsy  showed  the  dark  urine  and  chocolate 
colored  kidneys  as  described  above. 

The  exclusion  of  the  acidity  in  the  fluid  may  diminish  somewhat 
the  intensity  of  the  blood  destruction  but  does  not  remove  it  or 


CARROLL   G.    BULL   AND   IDA    W.    PRITCHETT  127 

prevent  the  fatal  issue.  Experiments  similar  to  this  were  made  a 
number  of  times  with  consistent  results.  Moreover,  comparison 
of  toxic  action  and  the  degree  of  acidity  was  made,  from  which  it 
was  seen  that  acidity  and  lethal  effects  do  not  proceed  hand  in  hand. 

Experiment  8. — (o)  Rabbit;  weight  1,400  gm.  Red  cells  5,700,000  per  c.mm. 
2.45  p.m.  8  cc.  of  supernatant  fluid  of  Cultvire  617  d,  having  an  acidity  of 
1.9  per  cent  normal  sodium  hydroxide,  were  given  intravenously.  4.45  p.m.  Red 
cells  1,240,000.  5  p.m.  Animal  breathing  rapidly;  very  weak.  Died  during 
night.    Usual  autopsy  findings. 

(6)  Rabbit;  weight  1,600  gm.  2  p.m.  10  cc.  of  supernatant  fluid  of  Culture 
386  cd,  having  an  acidity  of  4.5  per  cent  normal  alkali,  were  injected  intravenously. 
No  s>Tnptoms  appeared,  and  the  red  corpuscles  were  only  slightly  reduced  in 
number.     The  animal  still  lives. 

These  experiments  show  that  the  acidity  is  not  the  main  factor 
in  causing  either  blood  destruction  or  the  fatal  effects,  and  they  are 
supported  by  tests  on  pigeons,  examples  of  which  follow;  they  indi- 
cate also  that  Bacillus  welchii  produces,  in  the  test-tube  at  least, 
an  active  hemolysin. 

Experiment  9. — (o)  Pigeon.  Red  cells  4,645,000  per  c.mm.  9.50  a.m.  0.5  cc. 
of  24  hour  glucose  broth  culture  No.  365  a  injected  into  wing  vein.  10.40  a.m. 
Red  cells  4,700,000;  no  free  nuclei  present.  11.50  a.m.  Pigeon  drooping.  Red 
cells  3,880,000,  free  nuclei  appearing.  2  p.m.  Red  cells  2,432,000;  many  free 
nuclei.  3.45  p.m.  Dying.  Red  cells  1,520,000.  Immediate  autopsy  showed 
some  but  not  numerous  bacilli  in  blood;  cytoplasm  of  the  red  cells  stains  weakly; 
blood  serum  reddish  brown  in  color. 

(h)  Similar  to  (a) .  In  8  hours,  when  death  occurred,  the  red  cells  had  fallen 
from  about  5,000,000  per  c.mm.  to  1,000,000.     The  autopsy  findings  were  typical. 

In  other  words,  the  injection  of  0.5  cc.  of  a  broth  culture  of  active 
Bacillus  welchii  intravenously  into  pigeons  causes  extensive  blood 
destruction  and  death  in  periods  of  from  6  to  8  hours.  These  results 
are  now  to  be  contrasted  with  pigeons  in  which  the  culture  is  injected 
into  the  pectoral  muscles. 

Experiment  10. — (o)  Pigeon.  Red  cells,  4,500,000  per  c.mm.  9.30  a.m.  0.5 
cc.  of  glucose  broth  culture  No.  365  a  injected  into  breast  muscle.  12  m.  Droop- 
ing. 3.30  p.m.  Red  ceUs  4,600,000;  no  free  nuclei.  4.45  p.m.  Dying.  Red 
cells  4,450,000.    Autopsy  showed  local  infection;  no  bacilli  in  blood. 
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(b)  Similar  to  (o)  except  that  Culture  617  d  was  employed.  At  the  outset 
the  red  cell  count  was  4,450,000  per  c.mm.  6  hours  later,  when  the  animal  was 
dying,  it  was  4,435,000.    The  autopsy  findings  were  characteristic. 

These  experiments  several  times  repeated  were  always  consistent. 
Intravenous  injections  of  broth  cultures  are  attended  by  extensive 
blood  destruction  and  death;  intramuscular  injections  of  like  doses 
cause  death  with  equal  certainty  and  rapidity  but  no  blood  destruc- 
tion. Hence  the  blood  destruction  cannot  be  the  determining  factor 
of  the  lethal  action.  The  essential  toxic  agent  appears  now  not  to 
be  an  acid  and  not  an  hemolysin.  The  next  experiments  relate  to  its 
filterability. 

Up  to  the  present  the  fluid  cultures  described  were  not  wholly 
free  from  the  bacilli.  To  remove  the  bacilli  entirely,  in  order  to 
test  the  toxicity  of  the  sterile  fluid,  filtration  through  a  Berkefeld  N 
candle  was  resorted  to.  The  first  tests  were  made  with  filtrates 
obtained  from  ordinary  glucose  broth  cultures.  They  indicated 
merely  a  low  degree  of  toxicity  for  rabbits  and  pigeons. 

Experiment  11. — A  24  hour  glucose  broth  growth  of  Culture  617  d  was  em- 
ployed as  follows: 

(o)  Rabbit;  weight  1,475  gm.  10  cc.  of  the  supernatant  fluid  obtained  by 
centrifugation  for  20  minutes,  not  quite  clear,  and  having  an  acidity  of  4.2  per 
cent  were  injected  intravenously.  The  animal  had  a  severe  convulsion  and  died 
almost  immediately.     The  blood  was  extensively  destroyed. 

(b)  Rabbit;  weight  1,425  gm.  11  cc.  of  a  Berkefeld  filtrate,  having  an  acidity 
of  3.9  per  cent,  were  injected  intravenously.    No  symptoms. 

(c)  Rabbit;  weight  1,575  gm.  3  p.m.  10  cc.  of  the  clear  fluid  obtained  by 
centrifugation  for  40  minutes  and  having  an  acidity  of  4.5  per  cent  were  in- 
jected intravenously.  For  an  hour  there  was  respiratory  distress,  which  passed 
off.  7  p.m.  Died.  Kidneys  chocolate  colored  Another  part  of  this  fluid 
first  filtered,  then  injected  into  a  normal  rabbit,  produced  no  effect. 

This  experiment  shows  that  not  only  does  filtration  reduce  the 
toxicity,  but  long  centrifugation  does  also.  The  difi"erence  is  not 
caused  by  the  reduction  in  acidity  observed  in  the  filtered  fluid,  since 
neutralization  of  the  centrifugate  with  sodium  hydroxide  did  not 
affect  its  activity.  The  injection  of  the  filtrate  in  amounts  of  8  cc. 
into  the  breast  muscles  of  pigeons  caused  temporary  drooping  but 
no  local  lesion  or  other  severe  effect.     No  distinction  in  action  was 
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noted  in  the  different  cultures.  The  conclusion  to  be  drawn  from 
these  experiments  is  that  a  certain  kind  of  toxic  product  is  developed 
in  glucose  broth  cultures,  but  that  prolonged  centrifugation  and 
filtration  tend  to  remove  it  from  the  fluid.  Since  the  action  is  so 
rapid,  it  does  not  seem  probable  that  there  is  any  actual  relationship 
between  the  bacilli  as  such  still  remaining  in  the  centrifuged  fluid 
and  the  poisonous  agent.  The  latter  is  not  an  ordinary  acid  and 
appears  to  be  an  hemolysin. 

The  next  experiments  throw  an  entirely  different  light  on  the 
toxin-producing  property  of  Bacillus  welchii.  It  is  obvious  that 
cultures  in  glucose  broth  in  no  way  represent  the  conditions  occur- 
ring during  local  infections  in  man  and  animals.  Hence  these  were 
simulated  in  the  following  manner. 

To  plain  beef  infusion  broth  in  10  cc.  quantities  in  test-tubes  were 
added  several  fragments  of  sterile  skeletal  muscle  of  the  pigeon  or  rab- 
bit. The  tubes,  having  been  proved  sterile,  were  inoculated  with  Bacil- 
lus welchii  and  overlaid  with  parafl&n  oil  and  enclosed  in  a  vacuum  jar 
from  which  the  oxygen  was  exhausted.  After  an  incubation  of  from 
18  to  24  hours,  the  fluid  was  centrifuged  and  filtered  through  a  Berke- 
feld  N  candle.  The  filtrate  was  always  free  of  the  bacilli.  This 
product  proved  highly  toxic  for  pigeons,  guinea  pigs,  and  rabbits, 
and,  what  should  be  emphasized,  gave  rise  to  inflammatory  and  other 
local  lesions  resembling  closely  those  caused  by  the  bacilli  them- 
selves. While  Culture  617  d,  the  most  \drulent  of  all,  }delded  the 
most  active  filtrate,  yet  all  five  cultures  gave  toxic  products.  The 
degree  and  manner  of  the  action  of  the  toxic  filtrates  are  indicated 
by  the  following  illustrative  protocols. 

Experiment  12. — (a)  Guinea  pig.  3  p.m.  2  cc.  of  the  Berkefeld  filtrate  of 
an  18  hour  pigeon  muscle  broth  culture  of  Culture  617  d  were  injected  beneath 
the  skin  of  the  right  thigh.  The  next  morning  at  8  a.m.,  the  entire  leg  was  swollen 
and  the  joints  held  stiffly;  the  scrotum  was  also  edematous.  The  animal  crouched 
in  the  corner  of  the  cage.  3  days  later  the  hair  was  loose,  and  the  tissues  were 
sloughing.  Death  occurred  diuing  the  night.  The  autopsy  showed  disorganiza- 
tion of  the  muscles  of  the  right  leg  and  adjacent  abdominal  wall.  Cocci,  but  no 
gas  bacilli  were  present. 

Doubtless  the  filtrate  acted  upon  the  skin  and  underhdng  muscles, 
inducing  inflammation  and  necrosis,  after  which  pyogenic  cocci  and 
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other  bacteria  entered  the  injured  tissues  and  produced  the  slough- 
ing. A  dose  of  1  cc.  of  the  filtrate  caused  a  similar  but  less  severe 
lesion,  from  which  the  guinea  pig  slowly  recovered  after  healing  of 
the  defect. 

(b)  Rabbit.  2  cc.  of  the  same  lot  of  toxin  used  in  (a)  were  injected  under  the 
skin  of  the  right  thigh  at  4.30  p.m.  The  next  day  the  skin  over  the  leg  and  the 
right  scrotal  sac  was  highly  edematous.  5  days  later,  the  edema  subsided, 
leaving  a  dry  necrotic  area  behind,  which  finally  was  thrown  ofif  and  became 
healed. 

The  local  effect,  therefore,  in  the  rabbit  is  similar  to  although  less 
severe  than  that  in  the  guinea  pig.  The  effect  in  the  rabbit  of  an 
intravenous  injection  of  the  same  lot  of  toxin  is  to  produce  acute 
blood  destruction  and  death.  Thus  a  rabbit  having  a  red  cell  count 
of  5,400,000  was  given  1  cc.  of  the  toxin  at  10  a.m.  At  11  a.m.  the 
cells  numbered  4,250,000;  at  12.30  p.m.,  2,550,000;  at  4  p.m.,  1,500,- 
000;  at  5  p.m.,  1,000,000.  Death  took  place  during  the  night.  The 
kidneys  were  chocolate  colored  and  the  urine  dark. 

(c)  Pigeon.  12  m.  0.2  cc.  of  a  similar  toxin  was  injected  into  the  right 
breast  muscles.  The  next  morning  at  8  o'clock  there  was  widespread  edema  of 
the  injected  site.  24  hours  later  the  edema  was  subsiding.  3  days  later  the 
swelling  had  disappeared.  On  etherization  and  autopsy,  an  extensive  necrotic 
focus  was  found  in  the  injected  pectoral  muscles;  the  muscles  of  the  opposite 
side  were  normal. 

The  local  reaction  of  the  pigeon  to  small  doses  of  the  toxic  filtrate 
resembles  that  of  the  guinea  pig  to  far  larger  doses.  When  0.3  cc. 
of  the  filtrate  was  injected,  the  edema  developed  very  quickly  and 
death  occurred  in  about  4  hours — even  more  quickly,  therefore,  than 
from  massive  bacillary  infection.  The  injected  muscle  was  already 
friable.  No  effect  is  produced  in  the  red  blood  corpuscles.  When, 
however,  the  filtrate  is  injected  into  the  wing  vein,  hemolysis  results. 
Thus  a  pigeon  having  a  blood  count  of  4,280,000  w^as  given  0.25  cc. 
of  neutral  filtrate  at  9.30  a.m.  At  10.30  a.m.,  the  cells  were  un- 
changed in  number  and  no  free  nuclei  occurred.  At  4.30  p.m.  the 
cells  numbered  3,725,000,  and  free  nuclei  were  found.  The  next 
day  at  1  p.m.  the  cells  numbered  800,000,  and  there  was  marked  air 
hunger.     Death  took  place  at  5  p.m. 
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This  experiment,  which  was  repeated  several  times,  shows  that 
Bacillus  welchii,  when  the  conditions  of  growth  are  suitable,  yields 
toxic  products  of  high  potency.  These  products  produce  two  sets 
of  effects  according  to  the  manner  of  their  injection  into  animals: 
(a)  hemolysis,  in  which  they  resemble  the  effects  arising  from  ordi- 
nary glucose  broth  cultures;  {b)  inflammation  and  necrosis  of  sub- 
cutaneous tissue  and  muscles,  in  which  they  resemble  the  effects 
produced  by  the  bacilli  themselves.  Even  moderate  quantities 
of  the  toxic  filtrate  locally  injected  may  also  bring  about  rapid  death 
of  pigeons. 

It  is  now  possible  to  answer  the  question  placed  at  the  head  of 
this  section  of  our  paper.  The  cause  of  death  in  Bacillus  welchii 
infection  is  not  a  blood  invasion  of  the  microorganisms  and  not 
acid  intoxication,  but  an  intoxication  with  definite  and  very  potent 
poisons  produced  in  the  growth  of  the  bacilli  in  the  tissues  of  the 
body.  This  poison  is  readily  produced  in  broth  in  the  test-tube  in 
the  presence  of  sterile  non-denatured  muscle.  To  obtain  it  in  quan- 
tity only  minimal  quantities  of  glucose  (0.1  per  cent)  should  be  added 
to  the  broth,  and  the  incubation  of  the  anaerobic  cultures  should 
not  exceed  24  hours.  The  poison  or  toxin  is  a  complex  of  an  hemol- 
ysin and  another  poisonous  body.  The  latter  is  the  more  toxic,  since 
it  may  bring  about  death  under  conditions  in  which  no  blood 
destruction  takes  place. 

Ths  Toxic  Product. 

Thermolahility. — The  toxicity  of  the  filtered  fluid  is  destroyed  by 
heating  30  minutes  at  70°C.  in  sealed  tubes  and  is  greatly  dimin- 
ished by  similar  heating  at  62°C.  The  fluid  subjected  to  the  latter 
treatment  no  longer  causes  death  in  pigeons,  even  when  large  doses 
are  injected,  although  a  degree  of  necrosis  of  the  muscles  still  results. 
A  test  made  to  determine  the  point  indicates  also  that  the  substances 
exerting  the  toxic  effects  do  not  dialyze  through  collodion  membranes. 

Antigenic  Properties. — The  next  step  taken  was  that  of  determin- 
ing whether  the  toxic  product  would  act  as  an  antigen.  Two  sets 
of  tests  were  made:  'a)  the  setting  up  of  active  immunit}'  of  the 
pigeon ;  (6)  the  production  of  an  antiserum  in  the  rabbit. 
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The  former  is  difficult  to  accomplish  because  of  the  necrosis  caused 
even  by  sublethal  injections  into  the  pectoral  muscles  of  pigeons. 
However,  by  giving  three  carefully  graded  injections  at  weekly 
intervals,  the  animals  may  be  kept  in  fair  condition.  1  week 
after  the  last  injection,  the  pigeons  bore  two  lethal  doses  of  the 
toxic  filtrate  without  reaction. 

The  latter  is  accompHshed  with  less  difficulty.  Large  male  rab- 
bits were  employed.  2  cc.  of  a  neutraUzed  filtrate  of  Culture  617  d 
were  injected  beneath  the  skin  of  the  inner  aspect  of  the  thigh.  This 
was  followed  by  edema  involving  the  scrotum.  The  edema  sub- 
sided in  a  few  days,  leaving  the  scrotal  skin  necrotic  and  dry.  10 
days  after  the  first  injection  a  second  one  was  given  on  the  opposite 
side.  The  effects  were  the  same  as  the  first.  A  third  injection  of 
3.5  cc.  was  given  on  the  right  side  after  a  similar  interval.  No 
reaction  followed.  The  rabbit  was  now  bled  and  a  series  of  neutral- 
izations performed,  as  shown  in  Table  I.  The  toxic  filtrate  was 
mixed  with  the  serum  from  the  immunized  rabbit  or  normal  rabbit 
and  injected  immediately  into  the  pectoral  muscles  of  the  pigeon  or 
subcutaneously  into  the  rabbit  and  guinea  pig. 

The  table  shows  that  the  blood  of  a  rabbit  which  has  received 
three  injections  of  a  toxic  filtrate  from  a  given  culture  is  capable  of 
neutralizing  not  only  that  particular  filtrate,  but  the  filtrate  from 
four  other  cultures  as  well.  The  neutrahzation  is  effective  against 
the  filtrate  obtained  from  several  distinct  cultures  and  for  the  three 
species  of  animals — ^pigeon,  rabbit,  and  guinea  pig — employed. 

Moreover,  the  neutralization  is  not  only  for  the  toxic  substance 
causing  inflammation  and  necrosis  of  the  local  tissues,  but  also  for 
the  specific  hemolysin  contained  in  the  filtrates.  This  is  an  impor- 
tant point,  since  it  controverts  the  notion  that  the  blood  destruction 
results  from  acids  produced  in  course  of  growth  of  the  bacilli. 

Experiment  13. — {a)  Pigeon.  Red  cells  4,250,000;  no  free  nuclei.  2.10  p.m. 
Injected  into  wing  vein  mixture  of  1  cc.  of  toxic  filtrate  of  No.  617  d  and  1  cc.  of 
normal  rabbit  serum.  3.40  p.m.  Red  cells  1,312,000;  many  free  nuclei.  3.40 
p.m.    Death. 

(6)  Pigeon.  Red  cells  4,500,000.  11.45  a.m.  Mixture  of  1  cc.  of  toxic 
filtrate  of  No.  617  d  and  1  cc.  of  immune  rabbit  serum  injected  into  wing  ven. 
1.45  p.m.  Red  cells  4,264,000.  10  a.m.  next  day.  Red  cells  4,300,000.  No 
symptoms  appeared. 
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TABLE  I. 


J 

Animal  injected. 

Toxic 

product. 

Mixed  with 

immune  or  normal 

rabbit  serum. 

Local  reaction. 

1 

o 

6 
o 

Final  result. 

a.m. 

«. 

cc. 

9 

Pigeon. 

1 

617  d 

0.5 

Immune. 

None. 

Survived. 

9 

<( 

1 

617  d 

0.5 

Normal. 

In   2    hrs.    ex- 
tensive  ede- 
ma. 

Died,  2.10  p.m. 

9 

3 

365  a 

1.0 

Immune. 

None. 

Survived. 

9 

3 

365  a 

1.0 

Normal. 

In  3   hrs.    ex- 
tensive ede- 
ma. 

Died,  4.10  p.m. 

9 

3 

669  b 

1.0 

Immune. 

None. 

Survived. 

9 

3 

669  b 

1.0 

Normal. 

In  i\  hrs.  mus- 
cle     greatly- 
swollen. 

Died,  1.45  p.m. 

9 

3 

P-50 

1.0 

Immune. 

None. 

Survived. 

9 

3 

P-50 

1.0 

Normal. 

In  5  hrs.  mus- 
cle     greatly 
swoUen. 

Died,  2.30  p.m. 

9 

4 

386  cd 

1.0 

Immune. 

None. 

Survived. 

9 

4 

386  cd 

1.0 

Normal. 

In  5  hrs.  mus- 
cle swoUen. 

Died,  2.45  p.m. 

10 

Rabbit. 

2 

617  d 

1.0 

Immune. 

None. 

Survived. 

10 

« 

2 

617  d 

1.0 

Norma! . 

Extensive  scro- 
tal edema. 

Recovered. 

10 

Guinea  Pig  A. 

2 

617  d 

1.0 

Immune. 

None. 

Survived. 

10 

"        "     B. 

2 

617  d 

1.0 

Normal. 

Extensive  swel- 
ling  of   leg 
and  scrotum. 

Necrosis.     Died 
on  7th  day. 

Neutralizing  Proportions. — The  next  experiment  was  designed  to 
determine  the  minimal  lethal  dose  of  the  toxic  filtrate  and  the  neces- 
sary neutralizing  quantity  of  immune  serum  for  that  dose.  This 
having  been  ascertained,  an  experiment  was  conducted  to  decide 
whether  the  neutralization  took  place  equally  in  multiple 
proportions. 

Pigeons  were  employed  for  the  tests.  The  minimal  lethal  dose 
of  the  toxic  filtrate  employed  proved  to  be  0.3  cc,  from  which  death 
resulted   in   about   8    hours.     The   perfectly   neutralizing   quantity 
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of  the  immune  serum  for  this  dose  was  0.2  cc.  When  mixed  together 
and  injected  into  the  pectoral  muscles  no  reaction  followed.  The 
minimal  protective  dose  of  the  immune  serum  was  much  smaller; 
namely  0.05  cc.  But  with  this  dose  considerable  local  reaction 
manifested  itself. 

The  experiment  with  multiple  proportions  of  toxic  filtrate  and 
immune  serum  was  made  with  twenty-five  doses  of  each.  Hence 
7.5  cc.  of  the  toxic  filtrate  and  5.0  cc.  of  the  immune  serum  were 
mixed  and  the  entire  volume  was  then  injected  into  the  breast  muscles 
of  each  of  two  pigeons.  No  signs  of  intoxication  developed,  and 
aside  from  slight  local  edema  in  one  of  the  pigeons,  no  symptoms 
whatever  appeared.  From  this  it  was  concluded  that  the  toxic 
filtrate  and  antitoxic  rabbit  blood  neutralized  each  other  perfectly 
in  multiples  of  the  single  doses.  In  this  respect  the  two  resemble 
the  corresponding  toxins  and  antitoxins  of  Bacillus  diphtherias  and 
Bacillus  tetani. 

Protective  and  Curative  Properties. 

The  experiments  described  having  clearly  shown  that  the  toxic 
products  of  the  growth  of  Bacillus  welchii  exhibit  antigenic  activities 
and  readily  give  rise  to  the  formation  of  active  antitoxic  substances, 
the  obvious  next  step  was  to  determine  whether  the  immune  serum 
developed  possessed  protective  and  curative  properties.  Two  sets 
of  tests  bearing  on  these  questions  have  been  made. 

In  one,  vegetative  bacilli  have  been  injected  into  the  breast  muscles 
of  pigeons  mixed  with  or  followed  by  the  immune  serum.  The  re- 
sult is  to  prevent  or  reduce  the  pathogenic  effects  otherwise  pro- 
duced. Normal  rabbit  serum  has  no  such  power  of  control.  These 
experiments  will  be  published  in  detail  later. 

In  the  other,  the  object  was  to  imitate  conditions  of  natural  infec- 
tion in  man  with  a  view  to  preventing  infection  from  arising.  For 
this  purpose,  the  bacilli  were  cultivated  by  Dunham's  method  so  as 
to  obtain  spores.  Bits  of  gauze  were  impregnated  with  the  sporulat- 
ing  cultures  and  thrust  into  the  breast  muscle  of  the  anesthetized 
pigeons  with  a  small  hemostat.  The  wound  at  once  filled  with 
blood  and  became  sealed.  Hence  the  conditions  of  a  foreign  body 
carrying  active  spores  of  the  gas  bacilli  imbedded  in  muscle  tissue 
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and  protected  from  access  of  air  as  occurring  in  man  were  reproduced 
on  a  small  scale.  The  test  proved  a  severe  one.  Five  pigeons  were 
employed  in  a  series.  One  only  was  treated  with  the  immune  serum, 
the  other  four  serving  as  controls.  This  plan  was  adopted  to  re- 
move the  fallacy  of  an  accidental  survival  of  the  treated  animal. 
2.0  cc.  of  the  immune  serum  were  injected,  partly  about  the  wound, 
partly  in  the  opposite  breast.  The  four  inoculated  but  untreated 
pigeons  developed  typical  local  lesions  and  succumbed  in  20  to  40 
hours  after  inoculation.  The  treated  animal  never  showed  any 
local  or  general  symptoms,  survived,  and  the  wound  healed  about 
the  foreign  body. 

The  experiments  briefly  reported  in  this  section  of  the  paper  seem 
to  possess  considerable  importance.  They  indicate,  indeed,  that  in 
Bacillus  welchii  infection  in  nature  the  development  of  the  spores 
into  vegetative  bacilli  may  be  prevented  by  a  protective  inoculation 
of  an  antitoxic  serum,  and  also  that  the  vegetative  bacilli  may  be 
deprived  by  such  a  serum  of  their  toxic  products,  which  now  appear 
to  be  their  real  offensive  instrument.  We  are  confronted,  therefore, 
not  only  with  a  new  point  of  view  regarding  the  manner  of  the  patho- 
genic action  of  the  Welch  group  of  bacilli  but  also  with  a  new  means 
of  combating  their  pathogenic  effects. 

DISCUSSION. 

The  experiments  presented  appear  to  admit  of  one  interpretation 
only;  namely,  that  the  Welch  bacilli,  under  suitable  conditions  of 
growth,  produce  an  active  exotoxin,  to  which  their  pathogenic  effects 
are  ascribable.  The  toxic  product,  moreover,  acts  upon  the  local 
tissues  and  the  blood  in  a  manner  identical  with  the  action  of  the 
cultures.  With  the  toxic  product  animals  may  be  immunized  actively 
and  >deld  an  immune  serum  which  neutralizes  the  toxin  perfectly  and 
in  multiple  proportion.  The  toxic  bodies  would  seem  to  be  at  least 
two  in  number:  one  causing  blood  destruction,  hence  an  hemolysin, 
and  the  other  acting  locally  on  the  tissues  and  blood  vessels,  causing 
edema  and  necrosis  and  probably  exerting  general  toxic  action 
in  addition.  The  part  each  plays  in  bringing  about  the  lethal  effect 
seems  to  be  determined  by  the  manner  of  inoculation :  to  bring  out  the 
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hemolytic  action  intravenous  injection  is  indicated;  to  bring  out  the 
locally  destructive  action,  subcutaneous  or  intramuscular  injection 
is  required. 

This  conception  of  the  manner  of  pathogenic  action  of  the  Welch  bacilli  is 
totally  different  from  any  view  previously  held.  It  is  true  that  others  have 
attributed  the  general  symptoms  in  Bacillus  welchii  infection  to  an  intoxication; 
but  the  poisoning  meant  was  one  ascribed  on  the  one  hand  to  decomposition 
products  of  the  infected  tissues  (E.  Fraenkel)  and  on  the  other  to  ordinary  endo- 
toxin absorption  (MetchnikojBf,  Korentchewsky,  Kamen,  Herter,  Passini).  Other 
views  have  also  been  expressed  and  insisted  upon,  and  they  would  ascribe  the 
locally  destructive  effects  of  the  bacilli  to  mechanical  action  (Taylor)  or  to  the 
production  of  fatty  acids  which  also  through  the  setting  up  of  an  acidosis  bring 
about  a  lethal  termination  (McCampbell,  Stewart  and  West,  Wright). 

Reference  will  be  made  only  to  the  views  expressed  by  recent  writers  who  have 
encountered  gaseous  gangrene  in  connection  with  gun-shot  wounds  of  the  great 
war.  Thus  Weinberg,^  who  believes  that  the  gas-producing  bacilli  do  not  cause 
the  gangrene,  but  that  the  condition  precedes  the  infection,  has  obtained  toxic 
and  antitoxic  products  from  various  anaerobic  bacteria  isolated  from  gangrenous 
wounds.  With  Bacillus  perfringens  (of  the  Bacillus  welchii  group)  he  has  pre- 
pared an  antibacterial  serum,  but  he  failed  to  detect  either  the  exotoxin  or  its 
corresponding  antiserum. 

Kenneth  Taylor^  considers  that  gaseous  gangrene  is  the  result  of  the  mechanical 
action  of  the  gas  produced  in  a  local  focus  of  developing  saprophytic  bacteria. 
He  specifically  draws  the  distinction  between  Bacillus  tetani  and  Bacillus  welchii 
infections,  since  with  the  former  the  toxin  is  the  active  factor,  wliile  with  the  latter 
the  mechanical  effect  of  the  gas  is  paramount.  The  mechanical  process  he  con- 
ceives to  be  as  follows:  Bacillus  welchii  attacks  the  carbohydrates  of  muscular 
tissue  and  produces  a  large  volume  of  gas,  which,  being  unable  to  escape  from 
the  tissues,  exerts  pressure  upon  the  blood  vessels,  impeding  the  circulation  so 
that  necrosis  results.  The  necrotic  tissue  is  invaded  by  putrefactive  bacilli 
which  disorganize  it. 

Sir  Almroth  Wright^  holds  that  Bacillus  welchii  operates  through  the  production 
of  an  acid  condition  of  the  blood  and  tissues,  through  which  the  antitrypsin  is 
diminished.  Because  of  this  diminution,  tryptic  digestion  of  the  proteins  is  per- 
mitted and  the  bacilli  are  thus  provided  with  a  highly  favorable  medium  of  growth, 
so  that  multiplication  becomes  explosive  in  nature.  The  intoxication  following  is 
in  fact  an  acidemia. 

*  Weinberg,  M.,  Proc.  Roy.  Soc.  Med.,  1916,  ix,  Occas.  Lect.,  119. 
^  Taylor,  K.,  Bull.  Johns  Hopkins  Hosp.,  1916,  xxvi,  297;  J.  Path,  and  Bacteriol., 
1916,  XX,  384. 

8  Wright,  A.  E.,  Proc.  Roy.  Soc.  Med.,  1916-17,  x,  Occas.  Lect.,  1. 
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Conradi  and  Bieling'  distinguish  two  phases  of  action  of  the  bacilli.  In  the  first 
or  fermentation  phase,  the  carbohydrates  are  attacked,  and  lactic,  butyric,  propionic, 
and  succinic  acids  are  formed,  which  are  the  immediate  causes  of  the  edema  and 
necrosis  of  the  tissues.  In  the  second  or  saprophytic  stage,  the  spore-bearing 
organisms  appear  and  appropriate  the  dead  tissue,  giving  rise  to  putrefaction  and 
consequent  intoxication. 

These  brief  extracts  readily  indicate  not  only  the  wide  diversity 
of  opinion  held  by  recent  students  of  the  pathogenesis  of  gas  bacillus 
infection  in  man,  but  show  also  how  remote  the  conceptions  are  from 
that  of  a  specific  pathogenetic  process,  due  to  the  action  of  particular 
toxic  substances,  which  is  the  basis  of  the  conviction  derived  from 
the  experiments  described  by  us.  According  to  our  view,  infection 
by  Bacillus  welchii,  like  infection  by  Bacillus  tetani,  essentially  re- 
solves itself  into  an  intoxication,  in  which  an  exotoxin  yielded  by  the 
multiplying  organisms  constitutes  the  chief  danger.  The  two  con- 
ditions differ,  however,  with  respect  to  the  local  effects  produced 
on  the  tissues,  since  the  tetanus  toxin  does  not  possess  inflamma- 
tory and  necrotizing  properties.  The  Welch  bacilli,  therefore,  grow 
more  abundantly  and  produce  wide  destruction  of  tissue,  in  which 
process  they  are  soon  assisted  by  the  usual  pyogenic  microorganisms, 
which  quickly  obtain  a  foothold  in  the  disorganized  structures. 

SUMMARY. 

Five  cultures  of  Bacillus  welchii  have  been  studied  and  compared* 
Four  came  from  infected  wounds  in  the  western  theatre  of  war,  and 
one  was  obtained  from  a  personal  article  of  clothing.  Each  culture 
possesses  the  essential  characteristics  ascribed  to  that  group  of 
bacteria. 

The  infectious  processes  caused  by  the  five  cultures  in  rabbits, 
guinea  pigs,  and  pigeons,  are  local  in  character;  and  very  few  or  no 
bacilli  enter  or  are  found  in  the  general  blood  stream  during  life  or 
immediately  after  death. 

Glucose  broth  cultures,  injected  intravenously,  are  fatal  to  rab- 
bits. Death  occurs  almost  immediately  or  after  a  few  hours.  Ag- 
glutinative bacterial  emboli  have  been  ruled  out  as  the  cause  of  death, 

*  Conradi,  H.,  and  Bieling,  R.,  Miinch.  med.  Woch.,  1916,  Ixiii,  1608. 
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as  has  been  an  acid  intoxication.  The  fluid  part  of  the  culture  acts 
in  the  same  manner  as  the  full  culture  and  irrespective  of  neutraliza- 
tion with  sodium  hydroxide. 

The  full  cultures  and  supernatant  fluid  are  hemolytic  when  in- 
jected directly  into  the  circulation  of  rabbits  and  pigeons,  and  the 
acute  death  produced  may  be  ascribed  to  a  massive  destruction  of 
red  corpuscles.  The  passage  of  the  fluid  portion  of  glucose  broth 
cultures  through  Berkefeld  filters  reduces  materially  the  hemolytic 
and  poisonous  effects. 

Cultures  of  the  Welch  baciUi  in  plain  broth  to  which  sterile  pigeon 
or  rabbit  muscle  is  added  are  highly  toxic,  and  the  toxicity  is 
not  noticeably  diminished  by  Berkefeld  filtration.  The  filtrates 
are  hemolytic  when  injected  intravenously  and  inflaming  and  necrotiz- 
ing when  injected  subcutaneously  and  intramuscularly.  The  local 
lesions  produced  in  the  breast  muscles  of  the  pigeon  closely  resemble 
those  caused  by  infection  with  the  bacilli. 

The  toxicity  of  these  filtrates  is  not  affected  by  neutrahzation  with 
sodium  hydroxide,  but  is  materially  reduced  by  heating  to  62°C. 
and  entirely  removed  by  heating  to  70°C.  for  30  minutes. 

Successive  injections  of  carefully  graded  doses  of  this  toxic  filtrate 
in  pigeons  and  rabbits  give  rise  to  active  immunity.  The  blood 
taken  from  the  immunized  rabbits  is  caoflble  of  neutralizing  the  toxic 
filtrate  in  vivo  and  in  vitro.  The  filtrate  has  therefore  been  designated 
as  toxin  and  the  immune  serum  as  antitoxin. 

The  antitoxin  neutralizes  the  toxin  in  multiple  proportions.  Hence 
the  latter  would  seem  to  possess  the  properties  of  an  exotoxin.  More- 
over, it  neutralizes  the  hemolytic  as  well  as  the  locally  injurious 
toxic  constituent. 

Antitoxic  serum  prepared  from  a  given  culture  of  Bacillus  welchii 
is  neutralizing  for  the  toxins  yielded  by  the  other  four  cultures  of 
that  microorganism. 

The  antitoxin  is  protective  and  curative  against  infection  with 
the  spore  and  the  vegetative  stages  of  Bacillus  welchii  in  pigeons. 
The  limits  of  the  protective  and  curative  action  are  now  under 
investigation. 
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In  investigating  the  pathogenesis  of  acute  diffuse  glomerulonephritis, 
it  was  thought  that  it  might  be  of  value  to  test  the  hypothesis  that  a 
soluble  poison  circulating  in  an  active  state  in  the  blood  will  exert 
a  more  intense  action  in  the  glomerulus  than  in  other  tissues,  because 
at  this  point  water  is  lost  from  the  blood,  and  any  poison  present, 
provided  it  was  not  excreted  with  the  water,  would  necessarily  be- 
come concentrated  and  its  powers  of  injury  intensified.  Such  a 
condition  of  increased  concentration  may  indeed  be  assumed  a  priori 
to  occur,  the  question  being  whether  it  is  great  enough  to  produce 
recognizably  heightened  damage. 

Tor  the  purpose  of  testing  this  hypothesis,  diphtheria  toxin  was 
selected  as  answering  the  experimental  requirements.  Injected  into 
the  blood  of  non-immune  anim.als  it  is  actively  and  directly  toxic 
and  it  does  not  pass  through  the  glomerular  filter  into  the  urine. 

Our  problem,  then,  is  to  compare  the  effects  of  different  dosages 
of  this  poison,  and  to  determine  whether  small  amounts  of  toxin, 
injected  intravenously,  will  produce  glomerular  lesions  before  demon- 
strable injury  occurs  elsewhere,  and  whether  larger  amounts  produce 
damage  proportionally  greater  in  the  tufts  than  in  other  parts  of  the 
renal  tissue.  With  full  dosages,  of  course,  the  well  recognized 
picture  of  a  pannephritis  (or  pannephrosis)  is  to  be  expected. 

The  studies  of  Oertel  and  of  CouncUman,  Mallory,  and  Pearce  are  perhaps 
the  most  important  ones  treating  of  the  disease  in  man,  and  the  papers  of  Wade, 
who  first  described  nephritis  in  diphtheria,  Wagner,  Brault,  Furbringer,  FischI, 
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Schrakamp,  von  Kahlden,  Bernhard  and  Felsenthal,  Reiche,  and  Katzenstein 
may  also  be  mentioned.  These  studies  make  it  clear  that  both  tubular  de- 
generation and  glomerular  alterations  occur  in  the  course  of  human  diphtheria. 
The  glomerular  lesions  consist  of  swelling  of  the  endothelium,  dilatation  of  the 
loops,  various  degrees  of  karyorrhexis  of  the  endothelial  nuclei  and,  in  more  ad- 
vanced cases,  hyalinization  and  obliteration  of  the  tuft  occur. 

Experimental  investigations  have  been  made  by  Roux  and  Yersin,  Spronck, 
Babes,  von  Kahlden,  Enriquez  and  Hallion,  Baldassari,  Welch  and  Flexner,  Flexner, 
Schlayer  and  Hedinger,  Takayasu,  Lyon,  Karsner  and  Denis,  Pearce  and  Eisenbrey, 
Frothingham,  and  Bailey.  These  investigators  have  presented  anatomical  or  func- 
tional evidence  of  glomerular  as  well  as  of  tubular  injury  in  experimental  diphtheria 
or  diphtherial  intoxication.  It  is  clear  from  3.  consideration  of  the  work  of  Baldas- 
sari and  especially  of  Flexner  that  diphtheria  toxin  is  a  general  cellular  poison 
without  specific  chemical  affinity  for  any  one  type  of  tissue. 

Charrin  and  Moussu  showed  that  diphtheria  toxin  does  not  diffuse  through 
animal  membranes;  Rodet  and  Guechoff,  that  it  does  not  diffuse  through  collod- 
ion ;i  Dzerzhgovski  and  Onufrovich,  that  it  does  not  diffuse  through  the  renal 
tissues  when  the  excised  kidney  is  perfused  with  a  10  per  cent  solution  in  blood; 
and  Bomstein,  that  it  is  not  excreted  into  the  urine. 

Diphtheria  toxin,  therefore,  appears  to  be  well  suited  to  the  purposes 
of  the  present  experiments. 

EXPERIMENTAL. 

The  toxin^  employed  had  a  strength  of  200  minimum  lethal  doses 
per  cc.  when  tested  April  18,  1916.  No  evidence  of  deterioration 
was  noted  during  the  present  series  of  experiments.  All  injections 
were  made  intravenously  in  quantities  of  1  cc,  made  up  in  0.85  per 
cent  salt  solution.  The  rabbits  were  in  most  cases  young,  weighing 
between  1,000  and  1,500  gm.,  and  were,  in  so  far  as  external  signs 
showed,  in  good  health.  The  animals  that  did  not  die  spontaneously 
were  killed  by  a  blow  on  the  neck  and  immediately  autopsied.  The 
tissues  were  fixed  in  Orth's  solution  with  a  5  per  cent  addition  of 
glacial  acetic  add,  and  embedded  in  paraffin.  Sections  were  stained 
by  Van  Gieson's  method,  with  hematoxylin  and  eosin,  and  in  a  few 

^  Roux  and  Yersin  found  some  diffusion  through  parchment  paper.  The 
pinholes  which  can  be  readily  seen  in  most  samples  of  parchment  paper  with  a 
hand  lens  probably  explain  this  discrepancy. 

^  The  toxin  was  prepared  at  the  Cuttfer  Laboratory  of  Berkeley,  California, 
for  use  in  the  Schick  test. 
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instances   by  Weigert's  method  for  fibrin.     Frozen  sections  were 
not  made.     The  results  are  shown  in  the  following  table  and  protocols. 


TABLE    I. 


Rabbit  No. 

Date  of  injection. 

Weight  of 
rabbit. 

Toxin 
injected. 

Dosage  per 
kilo  of  body- 
weight. 

Length  of 
life  after  in- 
jection. 

Killed  or 
died. 

1016 

gm. 

cc. 

cc. 

days 

1 

Sept.    6 

1,475 

0.001 

0.00068 

3 

K. 

2 

"       6 

1,475 

0.001 

0,00068 

3 

I( 

3 

"       6 

1,475 

0.001 

0.00068 

3 

« 

4 

"       6 

1,420 

0.001 

0.0007 

3 

« 

5 

]\Iay    2 

1,000 

0.001 

0.001 

3 

D. 

6 

Sept.    6 

1,500 

0.002 

0.0013 

3 

K. 

7 

"       6 

1,450 

0.002 

0.0014 

3 

« 

8 

"       6 

1,400 

0.002 

0.0014 

3 

« 

9 

"       6 

1,340 

0.002 

0.0015 

3 

« 

10 

"       6 

1,340 

0.003 

0.0022 

3 

« 

11 

"       6 

1,360 

0.003 

0.0022 

3 

« 

12 

May    2 

1,300 

0.003 

0.0023 

10 

« 

13 

Sept.    6 

1,280 

0.003 

0.0023 

3 

« 

14 

"       6 

1,225 

0.003 

0.0024 

3 

« 

15 

Apr.  27 

1,250 

0.005 

0.004 

U 

D. 

16 

Sept.    1 

1,530 

0.010 

0.0065 

2 

(< 

17 

<<        1 

1,530 

0.010 

0.0065 

2 

« 

18 

ii        1 

1,500 

0.010 

0.0067 

2 

li 

19 

<<        1 

1,500 

0.010 

0.0067 

2 

It 

20 

«        1 

1,450 

0.010 

0.0069 

h 

tc 

21 

<<        1 

1,330 

0.010 

0.0075 

2 

ii 

22 

<(        1 

1,420 

0.020 

0.0141 

2 

i( 

23 

u          1 

1,300 

0.020 

0.0154 

1 

ii 

PROTOCOLS. 

Rabbit  1. — Dosage  0.00068  cc.  of  to.xin  per  kilo.  Combined  weight  of  kidneys 
11.9  gm.     The  macroscopic  and  microscopic  appearance  is  normal. 

Rabbit  Z. — Dosage  0.00068  cc.  per  kilo.  Combined  weight  of  kidneys  13.7  gm. 
Macroscopically  the  cortex  and  outer  part  of  the  medulla  are  slightly  congested. 
Microscopically  normal  except  for  a  slight  amount  of  granular  exudate  in  the 
capsular  space. 

Rabbits. — Dosage  0.00068  cc.  per  kilo.  Combined  weight  of  kidneys  12.3  gm. 
Macroscopically  normal.  Microscopically  the  glomeruli  are  somewhat  larger 
than  normal;  the  endothelial  cells  are  slightly  increased  in  number,  and  the  nuclei 
of  the  endothelium  both  in  the  tufts  and  the  intertubular  capillaries  are  occasion- 
ally pyknotic. 
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Rabbit  4. — Dosage  0.0007  cc.  per  kilo.  Combined  weight  of  kidneys  16  gm. 
Macroscopically  the  boundary  zone  of  the  medulla  is  congested.  Microscopically 
the  endothelial  cells  of  the  tufts  are  somewhat  increased  in  number. 

Rabbits. — Dosage  0.001  cc.  per  kilo.  Combined  weight  of  kidneys  9.5  gm. 
Macroscopically  some  congestion  of  boundary  zone.  Microscopically  some  in- 
t  crease  of  the  endothelial  cells  of  the  tufts,  the  nuclei  of  which  are  occasionally 
pyknotic.  Occasional  pyknotic  nuclei  also  in  the  tubular  epithelium.  A  dis- 
tinct increase  of  leukocytes  in  the  tufts. 

Rabbit  6. — Dosage  0.0013  cc.  per  kilo.  Macroscopically  the  boundary  zone 
of  the  medulla  is  congested.  Microscopically  the  glomeruli  are  in  part  enlarged 
and  most  of  them  are  greatly  distended  with  blood.  The  endothelial  nuclei  are 
frequently  pyknotic,  and  there  is  a  considerable  increase  in  the  number  of  endo- 
thelial cells  in  the  tufts.  The  leukocytes  in  the  tufts  are  somewhat  increased 
in  number. 

Rabbit  7 . — Dosage  0.0014  cc.  per  kilo.  Combined  weight  of  kidneys  13.5  gm. 
Macroscopically  moderate  congestion  of  the  medulla.  Microscopically  the  glo- 
meruli show  swelling  of  the  endothelial  cytoplasm,  some  loops  are  distended  and 
empty,  many  of  the  nuclei  are  pyknotic,  and  there  is  an  increase  in  the  number  of 
endothelial  cells  (Figs.  1  and  2). 

Rabbit  8. — Dosage  0.0014  cc.  per  kilo.  Combined  weight  of  kidneys  16  gm. 
Macroscopically  normal.  Microscopically  some  of  the  glomeruli  are  much  en- 
larged and  the  endothelium  generally  is  much  swollen,  with  many  empty  loops; 
the  nuclei  are  moderately  increased  in  number  and  many  are  pyknotic  or  misshapen. 
There  are  some  desquamated  epithelial  cells  in  the  capsular  space  and  in  the 
tubules  there  are  a  good  many  hyaline  casts. 

Rabbit  9. — Dosage  0.0015  cc.  per  kilo.  Combined  weight  of  kidneys  10.8  gm. 
Macroscopically  normal.  Microscopically  marked  increase  in  the  number  of 
endothelial  nuclei  of  tufts,  a  considerable  number  of  which  are  pyknotic.  Moder- 
ate endothelial  swelling.     Occasional  glomeruli  are  much  enlarged. 

Rabbit  10. — Dosage  0.0022  cc.  per  kilo.  Combined  weight  of  kidneys  15.5  gm. 
Macroscopically  moderate  general  congestion.  Microscopically  marked  swelling 
of  the  glomerular  endothelium  with  dilatation  of  the  loops;  many  pyknotic  nuclei, 
and  slight  increase  in  the  number  of  cells.  A  considerable  number  of  hyaline 
casts.  The  epithelium  of  the  tubules  is  granular  in  appearance,  but  there  is  no 
desquamation  and  no  pyknosis  of  the  nuclei. 

Rabbit  11. — Dosage  0.0022  cc.  per  kilo.  Combined  weight  of  kidneys  15  gm. 
Macroscopically  nothing  abnormal.  Microscopically  marked  increase  in  the 
number  of  the  endothelial  cells  of  the  tufts,  of  which  the  cytoplasm  is  swollen 
and  the  nuclei  are  pyknotic.  Some  dilatation  of  the  loops.  In  places,  some 
stratification  of  the  parietal  epithelium  of  the  capsule  of  Bowman  is  seen.  The 
tubular  epithelium  contains  pyknotic  nuclei  in  places;  the  cytoplasm  is  granular 
and  shows  beginning  desquamation.     Some  hyaline  casts. 

Rabbit  12. — Dosage  0.0023  cc.  per  kilo.  Combined  weight  of  kidneys  12  gm. 
Macroscopically    moderate   general    congestion.     Microscopically    swelling    and 
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numerical  increase  of  the  endothelial  cells  of  tufts,  with  occasional  pyknotic 
nuclei.     Changes  are  not  so  marked  as  in  preceding. 

Rabbit  13. — Dosage  0.0023  cc.  per  kilo.  Combined  weight  of  kidneys  9.6  gm. 
Macroscopically  general  pallor.  Microscopically  glomeruli  large  with  dilated 
loops  and  swollen  endothelium,  the  cells  being  somewhat  increased  in  number  with 
occasional  pyknotic  nuclei.  The  tubular  epithelium  shows  moderate  cloudy 
swelling. 

Rabbit  14. — Dosage  0.0024  cc.  per  kilo.  Combined  weight  of  kidneys  13.8 
gm.  Macroscopically  moderate  general  congestion.  Microscopically  the  glo- 
meruli are  very  large  with  many  dilated  empty  loops  (Fig.  3).  The  endothelium 
is  greatly  swollen.  The  capsular  space  is  almost  obliterated.  There  are  a  few 
small  intraglomeralar  hemorrhages.  Considerable  desquamation  of  the  tubular 
epithelium,  many  of  the  nuclei  of  which  are  pyknotic,  misshapen,  and  in  places 
extruded  into  the  lumen.     There  are  many  hyaline  casts. 

Rabbit  15. — Dosage  0.004  cc.  per  kilo.  Combined  weight  of  kidneys  22  gm. 
INIacroscopically  they  are  much  swollen  and  intensely  congested;  the  cortical 
surface  shows  whitish,  poorly  defined  patches,  which  on  the  cut  surface  are  seen 
as  radial  bands  extending  into  the  medulla;  probably  the  medullary  rays  con- 
trasting with  the  deeply  congested  cortical  labyrinths.  Microscopically  the 
majority  of  glomeruli  are  hemorrhagic  and  converted  into  cysts  of  blood  which  is 
mainly  fresh  but  in  places  shows  beginning  coagulation  (Fig.  4).  These  hemor- 
rhages are  mostly  confined  within  the  intact  epithelium  of  the  visceral  layer  of 
Bowman's  capsule,  but  in  places  the  latter  has  ruptured  and  flooded  the  capsular 
space  and  the  proximal  tubules  with  red  blood  cells.  The  glomerular  nuclei 
that  are  still  recognizable  are  pyknotic  or  fragmented.  In  the  tubules  the  epithe- 
liimi  is  in  places  granular  and  the  nuclei  are  occasionally  pyknotic  but  the  evi- 
dences of  severe  damage  are  much  less  than  in  the  glomeruli.  There  is  no  evidence 
of  repair. 

Rabbit  16. — Dosage  0.0065  cc.  per  kilo.  Combined  weight  of  kidneys  26  gm. 
Macroscopically  the  kidneys  are  greatly  enlarged  and  intensely  congested  with 
several  small  superficial  hemorrhages  under  the  capsule.  Microscopically  the 
appearance  is  practically  that  of  Rabbit  15,  except  that  more  of  the  hemorrhages 
are  coagulated,  showing  masses  of  fibrin,  and  the  epithelial  degeneration  in  the 
tubules  is  more  advanced  (Figs.  5  and  6). 

Rabbits  17  and  18. — Practically  the  same  picture  as  No.  15. 

Rabbit  19. — Dosage  0.0067  cc.  per  kilo.  Combined  weight  of  kidneys  20  gm. 
Macroscopically  the  kidneys  are  dark  purple  in  color,  with  several  subcapsular 
hemorrhages;  the  cut  surface  shows  a  much  thickened  cortex  in  which  there  are 
many  small  hemorrhages,  and  the  glomeruli  are  seen  as  fine  red  points.  The 
medullary  rays  are  paler  than  the  labyrinths.  Microscopically  the  hemorrhages 
are  seen  to  be  from  the  intertubular  capillaries  both  in  the  cortex  and  the  outer 
medullary  zone.  In  the  tufts,  the  glomerular  endothelium  has  undergone  acute 
degeneration,  the  lumina  being  filled  with  an  amorphous  granular  material,  and 
the  nuclei  are  all  pyknotic  or  fragmented  except  the  large  epithelial  nuclei ,  which 
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in  most  places  appear  to  be  little  damaged.  There  is  marked  coagulation  necrosis 
of  the  tubular  epithelium,  especially  of  the  proximal  tubules,  many  of  which 
show  extruded  pyknotic  nuclei  and  desquamated  epithelium  in  the  lumen  (Fig.  7). 

Rabbit  20. — (Died  12  hours  after  injection.)  Dosage  0.0069  cc.  per  kilo. 
Combined  weight  of  kidneys  19  gm.  Macroscopically  they  are  swollen  and  dark 
purple  in  color  without  gross  hemorrhages.  Microscopically  there  is  extreme 
swelling  of  the  glomerular  endothelium  and  the  loops  are  dilated  and  empty. 
The  nuclei  are  pyknotic.  The  epithelium  of  the  tubules  shows  coagulation 
necrosis  with  the  nuclei  pyknotic.     The  intertubular  capillaries  are  greatly  dilated. 

Rabbit  21. — Dosage  0.0075  cc.  per  kilo.  Combined  weight  of  kidneys  19  gm. 
Macroscopically  the  kidneys  are  deep  purple  with  congestion,  but  there  are  no 
gross  hemorrhages.  Microscopically  the  glomerular  endothelium  is  in  places 
swollen,  but  as  a  rule  it  is  definitely  necrotic  and  disintegrated,  the  lumina  being 
filled  with  finely  granular  debris.  The  nuclei  are  pyknotic  and  fragmented. 
There  are  occasional  intraglomerular  hemorrhages.  The  epithehal  degeneration 
of  the  tubules  is  marked,  but  no  formed  casts  are  present. 

Rabbit  22. — Dosage  0.0141  cc.  per  kilo.  Combined  weight  of  kidneys  16  gm. 
Macroscopically  intense  congestion.  Microscopically  there  is  disintegration  of 
the  capillary  endothelium  in  the  tufts  and  in  the  intertubular  capillaries  with 
thrombi  of  finely  granular  material.  There  are  many  greatly  dilated  empty 
loops  and  a  large  amount  of  serous  exudate  (Fig.  8)  containing  in  places  red 
blood  cells.     Marked  epithelial  degeneration  in  the  tubules. 

Rabbit  23. — Dosage  0.0154  cc.  per  kilo.  Combined  weight  of  kidneys  15  gm. 
Macroscopically  intense  congestion.  Microscopically  extreme  swelling  of  the 
glomerular  endothelium  with  beginning  necrosis,  and  thrombosis  of  the  loops. 
Many  of  the  loops  are  dilated  and  empty.  The  epithehal  degeneration  is  not 
advanced,  but  the  cytoplasm  appears  somewhat  granular  and  occasional  pyknotic 
nuclei  are  seen.     The  rabbit  died  24  hours  after  injection. 

The  changes  described  in  the  protocols  indicate,  in  spite  of  slight 
differences  at  the  same  level  of  dosage,  that  the  severity  of  the  lesion 
is  roughly  proportional  to  the  size  of  the  dose  administered.  It  is 
evident  that  the  primary  change  is  in  the  endothelium  of  the  tuft. 
It  is  possible  that  a  simultaneous  alteration  of  the  intertubular 
capillaries  occurs,  but  is  difficult  to  detect,  because  of  the  intimate 
relation  between  them  and  the  walls  of  the  renal  lymphatics.  Even 
hemorrhage  from  these  capillaries  is  hard  to  recognize,  since  the 
escaping  blood  follows  the  lines  of  cleavage  which  closely  correspond 
to  the  normal  path  of  the  small  vessels.  However,  it  was  found  that 
the  small  fiat  nuclei  between  the  tubules  were  frequently  pyknotic  and 
this  occurred  even  in  the  rabbits  receiving  the  smallest  doses.     With 
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larger  doses,  the  capillaries,  especially  in  the  inner  cortical  and  outer 
medullary  zones,  were  found  to  be  greatly  dilated  and  full  of  blood. 

With  dosages  approximating  0.0007  cc.  of  diphtheria  toxin  per 
kilo  in  rabbits  very  shght  changes  of  any  kind  are  produced  in  the 
kidney,  though  occasional  deeply  staining  endothehal  nuclei  and  a 
slight  increase  of  these  nuclei  in  the  glomeruli  give  evidence  that 
some  damage  has  been  inflicted.  With  dosages  between  0.001  and 
0.0015  cc.  per  kilo,  changes  of  increasing  severity  are  found,  consisting 
of  evidences  of  both  nuclear  and  protoplasmic  irritation  and  injury 
such  as  multipUcation  of  the  nuclei  and  swelling  of  the  cytoplasm  of 
the  glomerular  endothelium.  With  these  doses  evidence  of  epithehal 
injury  in  the  tubules  is  present,  but  not  striking.  With  dosages  over 
0.002  cc.  per  kilo  the  glomerular  changes  become  more  severe  as 
shown  by  marked  endothelial  swelling,  extensive  pyknosis  of  the 
nuclei,  and  marked  enlargement  of  the  tufts  with  dilatation  of  those 
which  remain  pervious.  At  this  stage,  degeneration  of  the  tubular 
epithehum  is  indicated  by  pyknosis  and  karyorrhexis,  desquamation 
of  the  cells,  and  the  formation  of  numerous  casts,  but  even  in  the 
parenchyma  the  presence  of  pyknotic  nuclei  in  the  intertubular 
capillaries  suggests  the  possibihty  of  primary  vascular  damage. 
In  the  glomeruli  it  is  sometimes  possible  to  distinguish  the  epithelial 
nuclei  of  the  visceral  and  parietal  layers  of  the  capsule  apparently 
unharmed,  while  in  the  same  tuft  the  endothelial  nuclei  show  advanced 
injury.  With  doses  of  0.004  cc.  per  kilo  and  more,  the  glomerular 
capillaries  rupture  and  globular  hemorrhages  confined  by  the  epithelial 
syncytium  of  the  capsule  are  seen.  In  some  instances  the  capsule, 
too,  gives  way  and  the  capsular  space  and  proximal  tubules  are 
found  to  be  flooded  with  newly  extra vasated  blood  cells. 

In  so  far  as  diphtheria  toxin  causes  glomerular  hemorrhages,  it  is 
apparently  by  simple  rupture  of  the  capillaries,  not  by  diapedesis. 
The  lesion  sometimes  observed  in  human  hemorrhagic  glomerular 
nephritis,  in  which  fibrin,  red  blood  cells,  and  leukocytes  exude  into 
the  capsular  space,  is  notably  absent.  At  most,  the  only  real  exudate 
into  the  space  is  a  homogeneous,  albuminous  material,  observed  in 
one  kidney  of  the  present  series,  though  desquamated  epithelial 
cells  from  the  capsule  may  give  a  superficial  resemblance  to  a  true 
exudate. 
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With  doses  of  0.0065  cc.  per  kilo  and  more,  such  hemorrhages  are 
less  constant,  and  instead  we  find  thrombotic  masses  within  the 
necrotic  capillaries.  The  nature  of  these  masses  is  somewhat  difficult 
to  determine.  They  do  not  take  the  Weigert  stain  for  fibrin,  but 
with  Van  Gieson's  stain  they  are  brownish  in  color.  Under  a  low 
power  objective  they  form  interlacing  and  branching  figures  about 
the  size  and  conformation  of  the  glomerular  capillaries.  Closely 
examined  with  the  liigh  power  objective  they  are  seen  to  consist  of 
very  finely  granular  amorphous  material  usually  completely  occluding 
the  capillaries  but  in  some  places  lying  in  the  center  of  the  lumen. 
It  seems  probable  that  the  material  is  the  necrotic  and  desquamated 
cytoplasm  of  the  endothelium,  a  supposition  which  is  strengthened 
by  the  presence  in  the  material  of  faintly  staining  or  pyknotic  and 
often  fragmented  nuclei.  It  is  possible  also  that  some  of  this  material 
may  be  embolic,  derived  from  the  degenerated  intimal  endothelium 
of  the  aflerents,  a  process  observed  by  von  Kahlden  in  some  cases 
of  human  diphtherial  nephritis.  With  these  high  dosages  there  is 
exidence  of  rapid  death  of  the  whole  kidney,  with  pyknotic  and 
fragmented  nuclei,  and  granular,  desquamated,  or  coagulated  cyto- 
plasm. Such  doses  are  usually  fatal  within  48  hours.  The  maximum 
effect  is  obtained  apparently  with  doses  of  about  0.008  cc.  per  kilo, 
the  pathological  changes  resulting  from  0.015  cc.  per  kilo  being  nearly 
the  same  as  with  the  former  amount. 

Leukocytes  within  the  vessels  and  occasionally  surrounding  the 
vessels  or  the  glomerular  capsule  were  sometimes  found  but,  as  the 
protocols  show,  this  phenomenon  bears  no  relation  to  the  dosage  of 
toxin  and  should  probably  be  regarded  as  due  to  other  causes.  A 
possible  role  of  the  leukocytes  in  these  kidneys  is  to  remove  necrotic 
fragments  by  phagocytosis.  A  mobilization  of  leukocytes  as  a 
result  of  leukotactic  action  by  the  toxin  is  not  shown  by  the  present 
series  of  experiments. 

DISCUSSION. 

It  is  not  necessary  to  assume  a  specific  affinity  of  diphtheria  toxin 
for  endothelium  in  order  to  account  for  the  vascular  injury  found  in 
the  above  experiments.  Babes  and  later  Baldassari  determined  that 
the  primary  action  of  diphtheria  toxin  is  upon  the  nuclei  of  the  body 
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cells  in  general.  As  regards  the  kidney  it  is  possible  that  the  small 
amount  of  c\'toplasm  of  the  fiat  endothelial  cells  acts  as  a  less  efficient 
buffer  for  the  nucleus  against  the  attack  of  the  toxin  than  the  abun- 
dant cytoplasm  of  the  tubular  epithehum,  but  a  simpler  explanation 
is  that  the  toxin,  being  brought  to  the  kidney  by  the  blood  stream 
attacks  the  tissue  ^\dth  which  it  comes  in  direct  contact;  namely, 
the  endothelium  of  the  vessels. 

As  regards  the  location  of  severe  injury  in  the  tuft  the  experimental 
findings  stand  in  fairly  close  agreement  with  the  theoretical  expecta- 
tion tliat  the  glomerulus  should  show  an  especially  severe  grade  of 
injury  because  the  circulating  toxin  reaches  at  this  point  a  relatively 
high  concentration.  It  was  actually  found  that  the  earhest  recog- 
nizable alteration,  and  with  larger  doses,  the  severest  lesions  were 
in  the  glomeruli,  and  perhaps  the  intertubular  capillaries,  and  that 
these  lesions  were  essentially  endothelial. 

These  endothelial  glomerular  lesions  were  observed  in  the  present 
series  in  all  degrees  of  intensity,  progressing  through  the  following 
stages:  (1)  cellular  proliferation;  (2)  swelhng  of  the  c}i:oplasm  with 
partial  or  total  occlusion  of  the  capillaries  and  beginning  degeneration 
of  the  nuclei;  (3)  rupture  of  the  capillaries  ^vith  hemorrhage;  (4) 
necrosis  and  disintegration  of  the  cytoplasm  with  blockage  of  the 
capillaries  with  protoplasmic  debris. 

It  has  been  shown  by  Charrin  and  Moussu  that  diphtheria  toxin 
does  not  diffuse  through  animal  membranes,  and  by  Rodet  and 
Guechoff  that  it  does  not  diffuse  through  collodion,  and  we  may  infer 
that  during  life  physical  dialysis  of  toxin  through  the  glomerulus  and 
tubules  does  not  occur.  To  explain  the  action  of  diphtheria  toxin 
on  the  tubular  epithelium  we  have  to  assume  either  a  selective  activity 
of  the  tubular  cells  or  an  effect  secondary  to  vascular  injury.  That 
the  first  of  these  assumptions  is  unlikely  is  shown  by  the  fact  estab- 
lished by  Bomstein  that  toxin  is  not  excreted  into  the  urine,  and  by 
the  findings  of  Dzerzhgovski  and  Onufrovich  that  toxin  is  not  re- 
tained by  the  kidney  in  perfusion  experiments.  Anatomically  the 
secondary  nature  of  the  epithelial  lesions  is  indicated  by  the  fact  that 
with  small  doses  of  toxin  glomerular  lesions  are  recognizable  before 
tubular  degeneration  appears  and  that  with  doses  of  medium  size 
the  glomerular  lesions  are  much  severer  than  the  tubular.  In  short, 
endothelial  injury  is  predominant. 
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A  point  deserving  emphasis  is  the  shght  anatomical  evidence  of 
excretion  of  toxin  from  the  tufts.  This  is  shown  by  the  small  amount 
of  damage  to  Bowman's  capsule  and  the  small  quantity  of  exudate 
in  the  capsular  space.  It  was  notable  in  many  kidneys  that,  while 
the  endothehal  cells  were  necrotic  and  disorganized,  the  epithelial 
cells  were  surprisingly  well  preserved  and  the  parietal  layer  of  the 
capsule  little  altered.  A  striking  confirmation  of  the  truth  of  this 
observation  was  the  frequent  occurrence  of  hemorrhages  obhterating 
practically  the  entire  capillary  structure  of  the  tuft,  but  confined 
within  the  unruptured  epithelial  syncytium  of  the  visceral  layer  of 
Bowman's  capsule.  Only  with  relatively  enormous  doses  of  toxin 
and  then  in  one  case  only  was  there  a  marked  exudate  in  the  capsular 
space  such  as  we  find  in  the  so  called  extracapillary  form  of  glo- 
merulonephritis. To  explain  the  pathogenesis  of  the  latter  form  of 
renal  disease,  we  must  perhaps  adduce  other  factors  which  possibly 
call  into  action  some  specific  excretory  activity  of  the  glomerular 
epithelium. 

The  lesions  described  in  the  present  experiments,  at  least  those 
obtained  with  subhemorrhagic  doses  of  toxin,  with  their  evidence  of 
injury  within  the  tuft  are  strongly  reminiscent  of  those  described  by 
Volhard  and  Fahr  under  the  name  of  intracapillary  glomerulonephritis. 
They  say : 

"The  glomeruli  are  strikingly  large.  .  .  .  containing  little  blood,  and  the 
cellular  elements  within  the  tufts  are  enormously  increased.  The  loops  are 
swollen  and  often  become  adherent  and  hyalinized.  ...  In  the  capsular 
space  occasional  desquamated  epithelium,  a  little  coagulated  albumin  and  here 
and  there  red  blood  cells  are  seen.     .     .     .    but  usually  the  space  is  empty." 

We  shall  not  in  my  opinion,  be  far  from  the  truth  if  we  apply 
our  observations  and  deductions  to  the  pathogenesis  of  the  intra- 
capillary form  of  glomerulonephritis  in  general,  and  assume  that 
this  form  of  disease  is  the  result  of  the  concentration,  due  to  loss  of 
water  in  the  tuft,  of  poisons  circulating  in  an  active  state  in  the  blood. 
It  seems  highly  probable  that  such  a  process  plays  at  the  least  a 
major  part  in  the  production  of  these  lesions. 
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SUMMARY, 

1.  Diphtheria  toxin  of  known  strength,  injected  intravenously 
into  rabbits  in  single  doses,  produces  lesions  which  are  first  evident 
in  the  endotheHum  of  the  tufts,  and  possibly  in  the  intertubular 
capillaries. 

2.  The  lesions  of  greatest  severity  with  medium  doses  are  also 
found  in  the  tufts. 

3.  Exddence  is  presented  to  show  that  epithelial  damage  in  the 
tufts  and  especially  in  the  tubules  is  secondary  to  the  vascular  injury, 

4.  The  severity  of  the  lesions  was  roughly  proportional  to  the 
amount  of  toxin  injected.  Hemorrhages  did  not  occur  with  doses 
of  less  than  0,0023  cc.  of  toxin  per  kilo  of  body  weight  and  were  not 
extensive  with  doses  of  less  than  0,004  cc,  per  kilo. 

5.  It  is  suggested  that  the  localization  of  lesions  in  the  tufts  is 
due  to  the  concentration  of  toxin  in  the  blood  that  follows  the  loss 
of  water  at  this  point. 

6.  It  is  further  suggested  that  this  inference  may  be  extended  to 
explain  the  pathogenesis  of  the  so  called  intracapillary  form  of 
glomerulonephritis, 
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EXPLANATION  OF  PLATES. 
Plate  9. 

Fig.  1.  Rabbit  7.  Leitz  obj.  6.  Dosage  0.0014  cc.  of  toxin  per  kilo.  Glo- 
merulus showing  marked  increase  of  endothelial  nuclei.  The  tubules  are  practi- 
cally normal. 

Fig.  2.  Rabbit  7.  Oil  immersion.  Swollen  endothelial  cells  in  glomerulus. 
The  capillaries  are  still  patent. 

Fig.  3.  Rabbit  14.  Leitz  obj.  6.  Dosage  0.0024  cc.  per  kilo.  Dilated  empty 
glomerular  capillaries. 

Fig.  4.  Rabbit  15.  Leitz  obj.  6.  Dosage  0.004  cc.  per  kilo.  Large  intra- 
glomerular  hemorrhage.  Erythrocytes  and  desquamated  epithelium  in  cap- 
sular space,  and  erythrocytes  in  proximal  convoluted  tubule  (to  left). 

Plate  10. 

Fig.  5.  Rabbit  16.  Leitz  obj.  6.  Dosage  0.0065  cc.  per  kilo.  Karyorrhexis 
and  pyknosis  of  nuclei  of  tubules.  The  epithelium  is  beginning  to  desquamate 
into  the  lumen.    Nuclei  found  between  the  tubules  are  also  pyknotic. 

Fig.  6.  Rabbit  16.  Leitz  obj.  3.  Afferent  to  a  glomerulus  containing  masses 
of  fibrin.     The  nuclei  throughout  the  field  are  pyknotic. 

Fig.  7.  Rabbit  19.  Leitz  obj.  6.  Dosage  0.0067  cc.  per  kilo.  Tubules  show- 
ing desquamation  and  beginning  cast  formation.  Several  nuclei  show  pyknosis 
or  fragmentation. 

Fig.  8.  Rabbit  22.  Leitz  obj.  6.  Dosage  0.0141  cc.  per  kilo.  The  endothelium 
is  swollen  and  necrotic,  obliterating  the  capillary  lumina.  The  nuclei  are  pyk- 
notic and  misshapen.  The  capsular  space  is  filled  with  a  homogeneous  serous 
exudate.  The  epithelium  of  the  capsule  (parietal  layer)  is  in  situ  and  apparently 
little  affected. 
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.  STUDIES  IN  GLOMERULONEPHRITIS. 
II,    A   Form   of   Acute   Glomerulonephritis   Produced   with 

DiPHTHERLA.  ToXIN  AND  BACILLUS  COLI. 

By  HAROLD  KNIEST  FABER,  M.D. 

{From  the  Laboratory  of  Pediatrics  of  Stanford  University  Medical  School, 

San  Francisco.) 

Plates  11  and  12. 

(Received  for  publication,  March  16,  1917.) 

In  a  previous  communication  it  was  stated  that  a  type  of  glo- 
merular injury  corresponding  in  a  general  way  to  the  intracapillary 
form  of  glomerulonephritis  of  Volhard  and  Fahr  was  produced  by 
intravenous  injections  of  diphtheria  toxin  and  that  the  grade  of  injury 
was  proportional  to  the  amount  of  toxin  introduced.  Since,  as  a 
result  of  this  knowledge,  it  is  possible  to  estimate  the  amount  of 
injury  which  can  be  expected  to  follow  the  injection  of  a  given  amount 
of  toxin,  it  was  believed  that  the  effect  of  living  pathogenic  bacteria 
on  a  kidney  already  damaged  to  a  known  extent  by  toxin  could  also 
be  correctly  estimated,  and  that  such  a  study  might  throw  light  on 
the  relationship  of  infection  to  glomerulonephritis.  It  will  be  shown 
in  a  future  communication  that  it  was  found  impossible  to  produce 
marked  glomerular  lesions  with  bacteria  alone. 

EXPERIMENTAL. 

In  the  following  experiments  Bacillus  coli  communior  was  selected 
because  it  is  highly  pathogenic  for  rabbits  and  belongs  to  that  group 
of  organisms  which  evince  a  special  susceptibility  to  lysis.  From  our 
knowledge  of  this  group  we  appear  to  be  justified  in  ascribing  a  part, 
at  least,  of  the  pathogenic  action  to  the  poisonous  groups  split  from 
their  proteins  during  bacteriolysis. 
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STUDIES   IN   GLOMERULONEPHRITIS.      II 


TABLE    II. 

Controls  to  Series  A.     Injection  of  Colon  Bacillus. 


Rabbit 
No. 

Amount  of  culture 
injected. 

Weight. 

Died 

or 
killed. 

Length 
of  lite  after 
injection. 

Renal  lesions. 

sm. 

11 

2  agar  slants. 

1,500 

D. 

lUirs. 

No  notable  changes. 

12 

6  cc.   of    broth 
culture. 

1,500 

<t 

22    " 

Considerable  excess  of  leukocytes  in 
tufts.  Slight  endothelial  swelling. 
No  exudate  in  capsular  space. 

13 

4.5  cc.  of  broth 
culture. 

1,400 

« 

36    " 

An  occasional  erythrocyte  and  des- 
quamated epithelial  cell  in  capsular 
space.  Slight  endothelial  swelling. 
A  few  hyaUne  casts. 

14 

3    cc.   of   broth 
culture. 

1,250 

5  days. 

Moderate  endothelial  swelling  with 
occasional  empty  glomerular  loops. 
No  exudate. 

IS 

2    cc.    of   broth 
culture. 

1,450 

u 

2hrs. 

Marked  congestion  of  glomeruli.  No 
other  notable  changes. 

16 

0.1  cc.  of  broth 
culture. 

1,100 

K. 

2  days. 

No  notable  changes. 

Series  A.     An  Injection  of  Diphtheria   Toxin  Followed  by  One  of 

Bacillus  coli. 

An  injection  of  diphtheria  toxin  was  given  1  to  3  days  before  the 
bacteria.  The  toxin  used  in  this  and  the  next  series  of  experiments 
was  partly  from  the  same  sample  used  in  the  earlier  series  in  which  the 
effect  of  toxin  alone  was  determined,  and  partly  from  a  sample  which, 
though  originally  of  a  strength  of  175  minimum  lethal  doses  per  cc. 
for  guinea  pigs,  had  deteriorated  so  much  that  at  the  time  of  these 
experiments  it  had  less  than  half  the  strength  of  the  first,  as  shown  by 
controls.  The  colon  bacilli  were  given  intravenously  in  doses  usually 
of  0.1  cc.  of  a  24  hour  broth  culture.  Tliis  dosage  represented  about 
one-fifth  of  the  minimum  lethal  dose.  The  details  of  the  experiments 
are  given  in  Ta})le  I  and  of  the  controls  in  Table  II. 
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The  changes  were  different  quantitatively,  and  also  qualitatively 
from  those  due  to  diphtheria  toxin  alone.  A  much  greater  fibrin 
production  is  the  most  striking  difference,  and  on  close  study  it 
becomes  e\ddent  that  a  true  fibrinous  exudate  has  occurred  in  the 
capsular  space  from  the  \'isceral  layer  of  Bowman's  capsule.  Asso- 
ciated with  the  fibrin  are  seen  in  varying  numbers  red  blood  cells 
(not  constant)  and  desquamated  epithelial  cells,  the  "latter  derived 
from  the  \dsceral  layer,  the  parietal  layer  usually  appearing  to  be 
intact  except  in  occasional  glomeruli,  where  stratification  has  taken 
place  and  the  formation  of  half  moons  begun.  Within  the  glomeruli, 
wedge-shaped  and  circular  masses  of  fibrin  are  of  frequent  occurrence. 
In  rabbits  killed  before  these  changes  are  fully  developed,  a  clear, 
serous  exudate  is  found  in  the  capsular  space,  accompanied  by  vary- 
ing numbers  of  red  cells,  while  within  the  tufts  globular  hemorrhages 
are  sometimes  seen.  Leukocytes  are  found,  often  in  large  numbers  in 
the  neighborhood  of  the  fibrin  masses,  usually  inside  the  tuft,  but  also 
occasionally  in  the  capsular  space.  Many  hyaline  and  occasional 
blood  casts  are  present  in  all  the  kidneys. 

Series  B.    An  Injection  of  Vaughan's  Split  Protein  {Poisonous  Part) 

of  the  Colon  Bacillus^  Following  an  Injection  of 

Diphtheria  Toxin. 

The  results  of  this  procedure  are  shown  in  Table  III. 

The  renal  changes  which  occurred  in  the  rabbit  (No.  20)  which 
received  the  largest  dose  of  spHt  protein  and  reacted  most  severely 
will  be  given  in  detail. 

Rabbit  20. — The  kidneys  are  deep  red  and  intensely  congested  throughout. 
The  cortical  surface  shows  a  fine,  red  mottling  and  occasional  pin-point  hemor- 
rhages. On  the  cut  surface  the  rays  are  seen  to  be  deeply  congested,  while  the 
cortical  surface  between  them  is  grayish  and  swoUen.  An  occasional  pin-point 
hemorrhage  in  the  cortex  is  seen.  The  medulla  is  also  deeply  congested.  With 
Van  Gieson's  stain  the  glomeruli  are  found  to  be  very  large,  some  of  them  herniat- 
ing into  the  proximal  tubule,  and  many  of  them  contain  globular  hemorrhages. 
A  few  show  large  collections  of  red  blood  cells  in  the  capsular  spaces  and  in  others 

1 1  am  indebted  to  Dr.  V.  C.  Vaughan  for  a  supply  of  split  protein  (poisonous 
part)  of  colon  bacillus  which  he  kindly  had  prepared  for  me. 


158 


STUDIES   IN   GLOMERULONEPHRITIS.      II 


"1      u 
. — I     ui 


Co 


<3 


cq 


■Co 


.S  s 


.22         p. 


(3     . .   •  ^ 


-2  -^  ^ 


^  ":^ 


3    lu    S         ^ 
O  ^  '^  "J 


o  X. 


"S    3 


•tJ     O  -7= 


o  eq  .S 
O 


JO    ;q3[aA\ 
pan  I  q  ia  o  3 


•uonoafui 

pUODOS    JSJJTJ 

3j!l  ;o  nj3u3i 


■p3[I!:i  io  paiQ 


uiajojd 
■Jllds  sriiipuq 
UO[OD   jo'  osoq 


IBAjaiui 


•oji:!  jod  3S0Q 


UIXO)    JO    3S0Q 


■ON  Mqq^H 


u 


i-»     \^^     \,^j     \^y  -. 


l.  .  .  . 

3  <,    ^    „    „ 
i3-    -    -    - 

o 

O      w           -           ^           ^ 

"^       V,             S.             S,             >- 

^      ^           w           -           w 

1^    t^    00    00    On 

^'  ^     =     3    :: 

d  d  d  d  d 

J3 

.5? 

1,230 
1,230 
1,400 
1,500 
1,480 

cvi    ro    "*    "^    O 
CS    «N    CN    CS    CN 

HAROLD  KNIEST  FABER  159 

merely  isolated  erythrocytes.  In  the  capsular  space  of  a  few  glomeruli  there  is  a 
homogeneous,  transparent  material  which  takes  the  characteristic  stain  for  hemo- 
globin. This  material  is  more  abundant  in  the  proximal  tubules  and  is  also  found 
in  various  other  parts  of  the  uriniferous  tubules,  as  hyaline,  yellow-staining  casts. 
In  several  glomeruli  there  is  marked  epithelial  desquamation.  There  is  no 
increase  of  leukocytes  either  in  the  tufts  or  in  the  capsular  space.  The  epithelium 
of  the  tubules,  especially  of  the  proximal  tubules,  is  beginning  to  desquamate 
and  the  nuclei  in  many  places  stain  faintly.  There  is  a  slight  increase  of  the  cells 
of  the  glomerular  endothelium.  Similar  changes,  though  less  intense,  were  present 
also  in  the  kidneys  of  Rabbits  17  and  19,  which  received  smaller  doses  of  split 
protein.  It  may  be  pointed  out  that  they  did  not  occur  in  Rabbit  21,  which  died 
15  minutes  after  the  inoculation. 

A  few  experiments  which  gave  negative  or  inconclusive  results 
may  be  briefly  mentioned. 

Rabbit  27. — Weight  1,450  gra.  Received  0.001  gm.  of  uranium  acetate  intra- 
venously. 6  days  later  received  0.5  cc.  of  a  24  hour  broth  culture  of  B.  coli 
communior,  and  died  in  about  12  hours.  The  kidneys  showed  an  extreme  sero- 
fibrinous exudate  in  the  capsular  spaces  of  a  majority  of  the  glomeruli,  and  also 
many  large  hemorrhages  within  the  tufts,  besides  the  usual  tubular  degeneration 
of  uranium  nephritis. 

Four  other  rabbits  similarly  treated  failed  to  show  these  glomerular 
changes. 

Rabbits  28  and  29,  weighing  respectively  1,600  and  1,500  gm.,  received  0.001 
gm.  of  uranium  acetate  intravenously  and  after  an  interval  of  4  days  received 
€.5  cc.  of  a  24  hour  broth  culture  of  Streptococcus  viridans.  No  glomerular 
lesions  were  found. 

DISCUSSION. 

Compared  with  the  renal  lesions  following  diphtheria  toxin  alone, 
those  following  successive  inoculations  of  diphtheria  toxin  and  colon 
bacilK  show  marked  differences.  The  latter  are  characterized  by  a 
striking  tendency  to  exudation,  in  the  earlier  stages,  of  a  clear  serous 
fluid  containing  small  amounts  of  fibrin  and  varying  amounts,  often 
large,  sometimes  small,  of  red  blood  cells  in  the  capsular  space, 
hemorrhages  into  the  tufts  after  doses  of  toxin  which  alone  would 
not  cause  hemorrhage,  and  a  fairly  constant  leukocytic  infiltration 
of  the  glomeruli.     Hyaline  casts  sometimes  containing  red  blood 
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cells  and  occasionally  taking  the  yellow  stain  of  hemoglobin  are  of 
frequent  occurrence.  At  a  later  stage  large  masses  of  fibrin  in  cres- 
cents and  rings  are  found  on  the  \dsceral  layer  of  Bowman's  capsule 
(Figs.  1,  4,  5,  and  6),  associated  with  desquamated  epithelial  cells, 
occasional  erythrocytes  and  leukocytes,  the  last  named  being,  however, 
infrequent  in  this  location.  The  peripheral  layer  of  the  capsule  shows 
in  places  beginning  stratification  forming  incipient  half  moons  (Figs.  2 
and  3) .  Within  the  tufts,  wedge-shaped  or  round  masses  of  fibrin 
are  seen  which  are  commonly  surrounded  by  a  zone  of  leukocytic 
infiltration  (Fig.  2). 

The  changes  found  after  successive  injections  of  diphtheria  toxin 
and  Vaughan's  split  protein  of  the  colon  bacillus  (poisonous  part) 
also  show  a  marked  tendency  to  exudation  (Fig.  7).  The  capsular 
spaces  of  a  majority  of  the  glomeruli,  when  a  sufficient  amount  of 
spht  protein  has  been  given,  contain  an  abundant  serous  fluid  stained 
with  hemoglobin  which  can  be  traced  down  the  tubules  as  casts. 
Red  blood  cells  are  sometimes  found  in  the  capsular  spaces;  in  the 
tubules  they  are  frequently  embodied  in  the  casts.  Intraglomerular 
hemorrhages  occur,  though  not  so  commonly  as  after  injections  of  colon 
bacilli.  A  leukocytic  reaction  was  not  observed.  The  later  stages 
of  reaction  to  this  type  of  injury  were  not  studied. 

On  the  whole,  the  correspondence  between  the  early  renal  lesions 
of  the  two  series  is  close.  The  main-  point  of  dissimilarity,  the 
leukocytic  reaction  occurring  in  the  first  series  and  absent  in  the 
second,  admits  of  explanation  as  phagocytosis  provoked  by  solid 
bacterial  particles  but  not  by  bacterial  substance  in  solution.  The 
appearance  of  laked  hemoglobin  in  the  exudate  was  more  marked 
in  the  second  series,  but  was  observed  occasionally  also  in  Rabbit  3 
of  the  first  series. 

It  seems  likely  from  a  study  of  the  two  sets  of  experiments  that  the 
lesions  in  both  were  essentially  of  the  same  nature  and  it  is  beheved 
that  the  mechanism  in  both  cases  was  the  same.  The  effect  of  the 
colon  bacillus,  in  other  words,  was  due  to  the  poisonous  molecular 
groups  liberated  from  its  protein  by  the  lytic  activities  of  the  body. 
One  must,  however,  be  cautious  iji  making  a  wide  application  of  this 
conclusion  since  in  control  animals  it  was  not  found  possible  to  pro- 
duce marked  renal  lesions  with  repeated  injections  of  colon  bacilli 
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alone  or  with  large  amounts  of  split  protein  injected  directly  into 
the  renal  artery.     Preliminary  injury  seems  to  be  requisite. 

It  is  interesting  to  find  that  the  renal  lesions  of  the  present 
experiments  correspond  closely  with  those  described  in  man  by 
Volhard  and  Fahr  as  the  "extracapillary  form  of  glomerulone- 
phritis." The  same  exudate  of  fibrin  and  cells  in  the  capsular 
space,  the  same  masses  of  fibrin  within  the  tuft,  and  the  same 
stratification  of  the  capsular  epithelium  occur  in  both. 

Without  fully  agreeing  with  Ophiils  that  a  distinction  between 
these  two  forms  of  glomerulonephritis  is  "an  unnecessary  refinement" 
it  seems  probable  that  the  extracapillary  form  reflects  a  later  and 
severer  grade  of  renal  irritation  with,  perhaps,  the  addition  of  a 
specific  reaction  of  the  epithehal  elements  of  the  tuft,  and  from  the 
present  experiments  it  would  appear  that  infection,  acting  through 
the  poisonous  groups  split  from  the  protein  molecules  of  bacteria  by 
some  lytic  reaction  in  the  hosts,  is  capable  of  intensifying  what  was 
originally  a  minor  grade  of  injury  and  thus  of  producing  the  severer 
lesions  characteristic  of  the  extraglomerular  type. 

SUMMARY. 

1.  Rabbits  in  which  a  mild  grade  of  glomerular  damage  has  been 
produced  by  small  doses  of  diphtheria  toxin  develop  a  severe  glo- 
merulonephritis corresponding  to  the  extracapillary  form  described 
by  Volhard  and  Fahr  after  inoculations  with  sublethal  quantities 
of  Bacillus  coli. 

2.  Similar,  though  not  completely  identical  lesions  are  produced 
when  diphtheria  toxin  is  followed  by  intravenous  injections  of  Vaugh- 
an's  spht  protein  (poisonous  part)  of  Bacillus  coli. 

3.  The  inference  is  drawn  that  under  the  experimental  conditions 
described  Bacillus  coli  undergoes  bacteriolysis  and  produces  glomeru- 
lar lesions  through  the  toxic  groups  contained  within  its  protein 
molecule. 
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EXPLANATION  OF  PLATES. 
Plate  11. 

Fig.  1.  Rabbit  8.  Leitz  obj.  3.  Dosage  0.0013  cc.  of  toxin  per  kilo  followed 
by  0.01  cc.  of  colon  bacillus  broth.  Acute  glomerulonephritis.  The  capsular 
spaces  are  filled  with  fibrin  and  the  tufts  are  compressed. 

Fig.  2.  Rabbit  8.  Leitz  obj.  6.  A  wedge-shaped  fibrin  mass,  a,  in  the  upper 
glomerulus  is  surrounded  by  infiltrated  leukocytes,  b.  In  the  lower  glomerulus 
the  capsular  epithelium  is  stratified  forming  a  half  moon,  c. 

Fig.  3.  Rabbit  8.  Leitz  obj.  6.  Leukocytic  infiltration  of  the  glomerulus,  a, 
and  stratification  of  the  parietal  epithelium  of  the  capsule,  b,  are  shown. 

Plate  12. 

Fig.  4.  Rabbit  10.  Leitz  obj.  6.  Dosage  0.0021  cc.  of  toxin  per  kilo  fol- 
lowed by  0.1  cc.  of  colon  bacillus  broth.  Enormous  dilation  of  the  capsular 
space,  which  contains  an  albuminous  exudate,  a  crescent  of  fibrin,  some  desqua- 
mated epithelium,  and  the  remnants  of  the  glomerulus,  is  shown. 

Fig.  5.  Rabbit  2.  Leitz  obj.  6.  Dosage  0.0033  cc.  of  toxin  (old)  followed 
by  0.1  cc.  of  colon  bacillus  broth.  The  glomerulus  is  entirely  surrounded  by  a 
ring  of  fibrin.  The  capsular  space  is  greatly  dilated  but  empty.  The  capsular 
epithelium  is  peeling. 

Fig.  6.  Rabbit  2.  Leitz  obj.  6.  The  glomerulus  has  a  thick  cap  of  fibrin 
outside  of  which  in  the  dilated  capsular  space  are  masses  of  red  blood  cells.  The 
parietal  layer  of  the  capsule  is  beginning  to  separate. 

Fig.  7.  Rabbit  20.  Diphtheria  toxin  followed  by  0.1  gm.  of  split  protein 
of  the  colon  bacillus.  The  glomerulus  contains  a  fresh  hemorrhage  and  the 
capsular  space  is  filled  with  a  transparent  serous  exudate  which,  mixed  with 
granular  debris,  extends  into  the  neck. 


I(,^ 


1^ 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVI. 


PLATE  11. 


(Faber:  Studies  in  glomerulonephritis.     IL 


THE  JOURNAL  OF  EXPERIMENTAL   MEDICINE  VOL.  XXVI. 


Ii^■ 


PLATE  12. 


EXPERIMENTAL  STUDIES  UPON  LYMPHOCYTES. 

XL    The  Action  of  Immune  Sera  upon  Lymphocytes  and  Small 

Thymus  Cells. 

By  ALWIN  M.  PAPPENHEIMER,  M.D. 

(From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons^ 
Columbia  University,  New  York.) 

Plate  13. 
(Received  for  publication,  February  15,  1917.) 

In  a  recent  paper^  brief  reference  was  made  to  the  production  of 
C3rtotoxic  sera  for  lymphocytes  derived  from  human  tonsils  and  from 
the  rat  thymus.  It  is  desired  to  report  here  upon  further  experi- 
ments which  have  been  carried  out  with  these  sera,  and  which  appear 
to  bear  directly  upon  the  general  problem  of  the  specificity  of  cyto- 
toxins,  and  upon  the  important  question  of  the  biological  identity 
of  the  small  thymus  cells  with  the  lymphocytes  found  in  the  lymphoid 
tissues  and  in  the  circulating  blood. 

The  method  used  in  these  studies  has  been  described  in  detail  in  a  previous 
paper.  Briefly  stated,  it  consists  in  subjecting  suspensions  of  thymus  or  tonsU 
cells  in  salt  solution  or  Locke's  fluid  for  a  given  period,  to  the  action  of  whatever 
toxic  agent  is  chosen,  and  then  adding  trypan  blue  in  appropriate  dilution.  The 
percentage  of  diffusely  stained  cells  affords  a  quantitative  measure  of  the  injury 
produced,  when  compared  with  a  control  suspension  maintained  under  similar 
conditions.  The  factors  of  error,  and  the  precautions  necessary  in  order  to  make 
the  determinations  of  value  are  related  in  the  previous  paper. 

Brief  reference  should  be  made  to  the  more  important  studies  of  previous 
workers,  using  other  methods. 

Metchnikoff"'^  in  1899  induced  leukotoxic  sera  by  injecting  spleen  and  lymph 
node  emulsions  of  rat  and  guinea  pig  into  rabbits.     He  observed  the  agglutinative 

^  Pappenheimer,  A.  M.,  The  reactions  of  lymphocytes  under  various  exper- 
imental conditions,  /.  Exp.  Med.,  1917,  xxv,  635. 

"  Metchnikoff,  E.,  Etudes  sur  la  resorption  des  cellules,  Ann.  Inst.  Pasteur^ 
1899,  xiii,  737. 
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and  lytic  changes  which  followed  when  suspensions  were  exposed  to  the  action 
of  the  immune  serum,  and  described  the  hydropic  swelling  of  the  mononuclears 
"by  which  they  become  transformed  into  transparent  vesicles,  the  nucleus  there- 
by being  rendered  very  visible."  He  found  that  his  sera  were  toxic  only  for  the 
cells  of  the  species  used  as  antigen,  but  that  there  was  no  evidence  of  specificity 
for  any  particular  type  of  leukocyte,  polymorphonuclears  -and  mononuclears 
being  equally  affected  by  anti-lymph-gland  serum. 

Besredka^  continuing  these  studies  found  that  the  toxic  properties  of  the 
leukotoxic  sera  were  destroyed  by  heating  to  55°C.  for  30  minutes,  and  that 
emulsions  of  cells  heated  to  60°C.  lost  their  antigenic  properties.  He  also  observed 
that  his  sera  were  mildly  hemolytic,  although  the  injected  suspensions  were  mac- 
roscopically  blood-free.  Injections  of  leukotoxic  sera  into  normal  animals  pro- 
duced toxic,  or,  in  large  doses,  lethal  effects.  The  blood  showed  an  initial  hypo- 
leukocytosis  followed  by  hyperleukocytosis. 

Flexner*  has  contributed  to  the  subject  a  detailed  study  of  the  lesions  pro- 
duced in  the  hematopoietic  tissues  by  myelotoxic  and  lymphotoxic  sera.  In  the 
lymph  glands  the  principal  changes  produced  were  hyperplasia  of  the  follicles, 
swelling  of  the  germinal  centers,  and  degeneration  of  the  large  cells  in  the  center 
of  the  follicles.  The  degenerative  changes  in  general,  however,  are  described 
as  "minimal  and  trifling." 

Bunting,^  continuing  the  work  of  Flexner,  immunized  geese  with  lymph  glands 
and  bone  marrow  of  the  rabbit,  and  obtained  sera  which  were  "to  a  large  extent 
specific  both  in  their  action  on  the  tonsils  and  on  the  circulating  blood."  One  of 
the  sera  of  the  two  geese  used  as  controls,  however,  showed  well  marked  hemolytic 
powers,  and  both  were  agglutinative  and  lytic  for  suspensions  of  lymph  gland 
cells  in  vitro.  This  action  was,  however,  less  intense  than  that  of  the  serum  from 
a  goose  immunized  against  lymph  glands. 

Christian  and  Leen^  have  used  the  cessation  of  motion  of  leukocytes  observed 
in  a  warm  chamber  as  an  index  of  toxicity.  They  found  that  sera  having  both 
hemolytic  and  leukotoxic  properties  could  be  produced  by  immunizing  with  a 
variety  of  somatic  cells,  as  those  of  the  liver,  spleen,  kidney,  and  cardiac  muscle. 

The  production  of  thymotoxic  sera  has  been  attempted  by  Moorhead''  and  by 

^  Besredka,  La  leucotoxine  et  son  action  sur  le  systeme  leucocytaire,  Ann. 
Inst.  Pasteur,  1900,  xiv,  390. 

•*  Flexner,  S.,  The  pathology  of  l3anphotoxic  and  myelotoxic  intoxication, 
Univ.  Penn.  Med.  Bull.,  1902,  xv,  287. 

^  Bunting,  C.  H.,  The  effects  of  lymphotoxins  and  myelotoxins  on  the  leuco- 
cytes of  the  blood  and  on  the  blood-forming  organs,  Univ.  Penn.  Med.  Bull., 
1903-04,  xvi,  200. 

^  Christian,  H.  A.,  and  Leen,  J.  F.,  Some  further  observations  on  leucocy- 
toxins,  Bostoji  Med.  and  Surg.  J.,  1905,  clii,  397. 

^Moorhead,  T.  G.,  The  thymus  gland.  Practitioner,  1905,  Ixxv,  733. 
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Ritchie.^  Moorhead  states  briefly  that  sera  from  rabbits  immunized  with 
guinea  pig  thymus  did  not  agglutinate  thymus  cells  in  vitro,  and  had  no  leuko- 
lytic  action.  Ritchie,  however,  using  complement  fixation  methods  found  that 
the  sera  of  ducks  immunized  with  suspensions  of  guinea  pig  thymus  contained 
an  immune  body  having  an  affinity  for  the  receptors  of  the  guinea  pig  thymus 
and  lymph  glands,  spleen,  and  bone  marrow.  In  the  presence  of  this  "immune 
body,  guinea  pig  complement  became  fixed,  so  that  there  was  no  hemolysis  in 
the  hemolytic  system  used  as  a  test.  The  sera  showed  no  affinity  for  the  recep- 
tors of  the  liver,  adrenal,  thyroid,  lung,  etc.  The  serum  was  not  hemolytic,  and 
its  binding  powers  were  not  affected  by  heating. 

The  cytotoxic  sera  were  prepared  by  injecting  rabbits  intravenously 
with  washed  suspensions  of  rat  thymus  cells  or  of  tonsil  lymphocytes. 
The  former  could  be  obtained  almost  blood-free  by  exsanguinating 
the  rat,  carefully  dissecting  off  the  superficial  blood  vessels  from  the 
gland,  and  washing  the  suspended  cells  in  one  or  more  changes  of 
salt  solution.  The  tonsil  suspensions  were  usually  more  or  less  ad- 
mixed with  red  blood  cells. 

EXPERIMENTAL. 

The  following  experiments  illustrate  the  cytotoxic  and  cytoagglu- 
tinative  properties  of  these  sera,  when  tested  against  the  appropriate 
antigen. 

Experiment  1. — Dec.  5,  1916.  Serum  C  (normal  control).  Serum  H  (immu- 
nized against  human  tonsil  lymphocytes),  and  Serum  R  (from  rabbit  immunized 
against  rat  thymus  cells)  were  added  in  the  proportion  of  1  :  25  to  a  suspen- 
sion of  rat  thymus  cells.  The  tubes  were  then  placed  in  the  incubator  for  35 
minutes,  trypan  blue  was  added  in  1  : 5,000  dilution,  and  the  percentage  of  stained 
cells  determined.     Duplicate  counts  were  made. 


Mixture. 


Serum  C,  0.02  cc 

Thymus  cells,  0.5 
Serum  H,         0.02 
Thymus  cells,  0 . 5 
Serum  R,         0.02 
Thymus  cells,  0 . 5 


Stained 
cells. 

Unstained 
cells. 

Percentage 

of  stained 

cells. 

195 
212 

228 
322 
309 
284 

417 

■    469 
208 
329 
243 
194 

31.8 
31.1 
52.3 
49.5 
55.9 
59.4 

Agglutina- 
tion. 


0 
0 

++ 


^  Ritchie,  W.  T.,  The  specificity  and  potency  of  adrenolytic  and  thymolytic 
sera,  /.  Path,  and  Bacterial.,  1908,  xii,  140. 
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Although  the  highest  count  is  obtained  with  Immune  Serum  R  all  the  tubes 
show  a  high  proportion  of  stained  cells.     Agglutination  occurred  only  in  Serum  R. 

The  sera  were  then  diluted  1 :  10  and  inactivated  for  30  minutes  at  58°C.  A 
fresh  suspension  of  thymus  cells  from  a  healthy  young  rat  was  prepared  and  the 
following  tubes  were  set  up  and  incubated  for  15  minutes  at  37°C. 


Mixture. 


Serum  C,  0.5 

Thymus  cells,  0.2 
Serum  H,  0.5 
Thymus  cells,  0 . 2 
Serum  R,  0.5 
Thymus  cells,  0 . 2 


Stained 
cells. 


17 

38 
27 


Unstained 
cells. 


473 
433 
438 


Percentage 

of  stained 
cells. 


3.4 
8.0 
5.8 


Agglutina- 
tion. 


0 
0 

++ 


The  toxicity  of  the  serum  is  thus  destroyed  by  heating.  Agglutination  by 
Serum  R  is  still  marked. 

To  each  tube  was  added  0.5  cc.  of  fresh  1 :  10  guinea  pig  complement  and  the 
tubes  were  replaced  in  the  thermostat.  Counts  were  made  after  1  hour  and  15 
minutes. 


Mixture. 

Stained 
cells. 

Unstained 
cells. 

Percentage 

of  stained 

cells. 

Agglutina- 
tion. 

Serum  C,         0.5  cc 

30 

60 

113 

515 

427 
150 

5.5 

12.3 
42.9 

0 

Thymus  cells,  0.2    " 

Complement,  0.5    " 

Serum  H,         0.5    " 

0 

Thymus  cells,  0.2    " 

Complement,  0.5    " 

Serum  R,         0.5    " 

+++ 

Thymus  cells,  0.2    " 

Complement,  0.5    " 

Under  the  influence  of  the  immune  serum  the  thymus  cells  are 
markedly  agglutinated,  so  that  there  are  comparatively  few  free 
cells.  They  are  highly  irregular  in  shape,  and  a  great  proportion  of 
them  are  diffusely  stained  with  trypan.  Some  of  the  cells  show  a 
hydropic  swelling  of  the  cytoplasm,  the  stained  nucleus  appearing 
suspended  in  a  clear  vesicle.  The  control  sera  produced  no  such 
effect.     The  results  are  shown  graphically  in  Text-fig.  1. 
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Numerous  experiments  have  given  uniform  results.  Serum  R  was 
last  tested  on  January  30,  1917,  26  days  after  the  rabbit  had  received 
an  injection  of  thymus  cells.  The  toxicity  and  agglutinative  power 
were  even  more  marked' than  in  the  experiment  cited. 

PerClnt 
50 


Text- Fig.  1.  Experiment  1.  The  eflfect  of  Thymotoxic  Serum  R  upon  the 
stainability  of  rat  thymus  cells. 

The  following  protocol  illustrates  a  similar  action  of  the  serum 
from  Rabbit  H,  immunized  with  a  suspension  of  human  tonsil  lym- 
phocytes, when  tested  against  the  appropriate  antigen. 

Experiment  2. — Dec.  12,  1916.  Serum  from  Rabbit  H,  which  had  received 
four  intraperitoneal  and  two  intravenous  injections  of  human  tonsil  lympho- 
cytes, and  Serum  C  from  a  control  normal  rabbit  were  tested  against  suspensions 
of  human  lymphocytes.  The  suspension,  twice  washed  and  centrifuged,  had 
stood  over  night  in  the  ice  box.  Sera  were  inactivated  for  30  minutes  at  58°C. 
and  diluted  to  1 :  10. 


Mixture. 

Stained 
cells. 

Unstained 
cells. 

Percentage 

of  stained 

cells. 

Agglutina- 
tion. 

Serum  H  (1:10),       1.0  cc 

26 

27 

283 

363 

8.4 

6.9 

+ 

Tonsil  lymphocytes,  0.2  " 

Serum  C  (1:10),         1.0  " 

0 

Tonsil  lymphocytes,  0.2  " 

0.5  cc.  of  a  1:10  dilution  of  fresh  guinea  pig  complement  was  added  and 
the  tubes  were  replaced  in  the  thermostat.  Counts  made  after  45  minutes  showed 
the  following: 
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Mixture. 

Stained 
cells. 

Unstained 
cells. 

Percentage 

of  stained 

cells. 

Agglutina- 
tion. 

Serum  H  Q  •  10)        1  0  cc 

163 
40 

156 

273 

51.0 

12.7 

+  + 

Tnnsil  Ivmnhocvtes  0  2    "       

Serum  C  Q  •  10)         10   " 

0 

Tonsil  Ivmnhocvtes  0  2"         

There  is  thus  a  striking  increase  in  the  proportion  of  stained  cells 
under  the  influence  of  the  immune  serum,  accompanied  by  macro- 
scopic agglutination,  and  the  morphological  changes  described  above. 
The  results  are  shown  in  Text-fig.  2. 


Percent 

60( 1 

RtACTlVATElD 
50 — BH 

40 ^H 

U  3E.RUM   C  ^H 

^Q      M  Serum  H  ^H 

20 ■ 

Inactivate-D  ^^H 

10 — ^^       P^^^^^B 

0^ ^^^^^^  '  BW^^^^ 


Text-Fig.  2.  Experiment  2.  The  eflfect  of  lymphocytoxic  serum  upon  the 
stainability  of  human  tonsil  lymphocytes. 

Repeated  observations  having  assured  us  of  the  constancy  of  this 
cytotoxic  action  of  Anti-thymus  Serum  R,  the  effects  produced  in  vitro 
were  compared  with  those  which  might  be  caused  by  injection  into 
the  living  animal. 

Experiment  3. — Dec.  14,  1916.  Two  young  rats  were  etherized  and  a  frag- 
ment of  thymus  was  removed  from  each  for  histological  control.  Sections  showed 
a  normal  structure. 

Dec.  19.  Rat  A  was  injected  intraperitoneally  with  1  cc.  of  native  Anti- 
thymus  Serum  R.  The  control,  Rat  B,  received  normal  rat  serum.  After  24 hours 
the  rats  were  killed  and  suspensions  in  Locke's  fluid  were  made  from  a  portion 
of  each  thymus  gland,  the  remainder  being  fixed  and  sectioned.  Counts  of  the 
suspensions,  with  and  without  the  addition  of  rat  serum,  showed  no  significant 
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differences  which  would  indicate  an  increased  fragiUty  on  tne  part  of  the  cells 
of  the  rat  which  had  received  the  cytotoxic  serum.  Correspondingly,  no  histo- 
logical changes  were  found  in  sections  of  the  tissue,  as  compared  with  the  control. 
The  experiment,  therefore,  was  negative. 

Experiment  4,  however,  in  which  the  sera  were  first  inactivated  and 
complement  was  injected  simultaneously  gave  definite  indication  of 
cytotoxic  action  in  vivo,  and  also  confirms  the  validity  of  the  method 
used  in  determining  cell  injury. 

Experiment  4. — Dec.  21,  1916.  Rats  A  and  B,  well  nourished  young  animals 
of  approximately  the  same  age  and  weight,  were  etherized  and  fragments  of 
thymus  excised  from  each.  Portions  of  the  fragments  were  fixed  in  Zenker's 
fluid,  sectioned,  and  found  to  show  a  normal  structure.  The  remainder  was 
teased  in  Locke's  solution  and  counts  were  made  in  the  usual  manner. 


Mixture. 

Stained  cells. 

Unstained  cells. 

Percentage  of 
stained  cells. 

Rat  A  thymus  cells  in  Locke's  fluid 

30 
44 

551 

442 

5    1 

«     T}         <(             <<       «         <<              << 

9.0 

Dec.  26.  Woimds  healing  and  iininfected;  rats  in  good  condition.  Rat  A 
received  1.5  cc.  of  Anti-thymus  Serum  R  (inactivated)  and  1  cc.  of  fresh  guinea, 
pig  complement  (1:10)  intraperitoneally.  Rat  B  received  1.5  cc.  of  Serum  C 
(normal  rabbit  inactivated)  and  1  cc.  of  fresh  guinea  pig  complement  (1:10) 
intraperitoneally. 

Rats  killed  after  24  hours.  The  thymus  of  each  was  divided  into  two  parts; 
one  was  used  for  determining  the  stainability  of  cells,  the  other  fixed  and 
sectioned.    The  count  shows  the  following,  after  1  hour  at  37°C. 


Mixture. 

Stained  cells. 

Unstained  cells. 

Percentage  of 
stained  cells. 

Rat  A  thymus  cells  in  0.85  per  cent  salt  so- 
lution  

112 

58 

156 

424 

41.7 

Rat  B  thymus  cells  in  0.85  per  cent  salt  so- 
lution   

12.0 

The  cells  of  Rat  A,  which  before  the  injection  of  cytotoxic  serum' 
were  somewhat  more  resistant  than  those  of  Rat  B,  have  now  been 
rendered  much  more  fragile,  as  shown  by  the  greatly  increased  number 
of  stained  cells  (Text-fig.  3). 

The  study  of  the  histological  preparations  indicates  that  the  thy- 
mus of  Rat  A  has  been  severely  damaged  by  the  cytotoxic  serum 
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(Fig.  1).  The  gland  which  macroscopically  was  smaller  and  firmer 
than  the  control  shows  a  great  rarefaction  of  the  cortex,  fragmenta- 
tion of  the  small  thymus  cells,  and  clumps  of  bluish  staining  mate- 
rial (remains  of  altered  chromatin)  in  and  amongst  the  conspicuous 
reticular  cells.  The  interlobular  septa  are  edematous  and  contain 
wandering  cells  of  different  types.     There  are  no  hemorrhages. 

There  is  thus  a  convincing  correspondence  between  the  lesions 
produced  and  the  increased  fragility  of  the  cells  under  the  influence  of 
the  immune  serum  in  vitro.  The  negative  results  of  the  previous 
experiments,  in  which  the  native  serum  was  injected,  are  not  ex- 

50 


40 

^0 

20 

10 


2.4  Hours  After 

iNOLCTION 


BErOREl 

Injection 


H  1.5  cc.  OF  Inactivated  Normal 
Rabbit 5ERUM+ Ice. OF  Guinea  Pig  Compument 

n  1.5cc.0F  Inactivated  Immune  Rab- 
bit 5erum  +  Ice  or  Guinea  Rg  Complement 

Text-Fig.  3.     Experiment  4.     The  stainability  of  rat  thymus  cells  before 
and  after  the  injection  of  immune  serum. 

plained.  Later  repetitions  of  this  experiment  have  not  been  uni- 
formly successful.  In  some  instances  we  have  observed  a  pro- 
nounced destruction  of  small  thymus  cells  with  phagocytosis  of  the 
reticular  epitheUum;  in  other  cases  no  effects  were  produced.  It  is 
evident  that  there  are  variable  factors  which  have  not  yet  been  de- 
termined. It  is  perhaps  in  accord  with  the  well  known  phenomenon 
that,  as  Zinsser^  states,  "the  alexin  of  an  animal  is  entirely  impotent 
or  but  weakly  capable  of  producing  hemolysis  of  the  sensitized  cells 
of  its  own  species." 


'  Zinsser,  H.,  Infection  and  resistance,  New  York,  1914,  154. 
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This  possible  explanation,  however,  was  tested  by  comparing  the 
complementary  action  of  guinea  pig  serum  and  rat  serum,  in  the  pres- 
ence of  anti-thymus  cell  amboceptor  and  washed  thymus  cells.  It 
was  found  that  whereas  0.2  cc.  of  guinea  pig  serum  was  sufficient  to 
cause  a  maximal  cytotoxic  effect  in  the  presence  of  immune  serum 
(0.5  cc.)  and  thymus  cell  suspension  0.2  cc,  0.4  cc.  or  double  the 
amount  of  rat  serum  was.  required.  Whether  this  slight  difference 
in  the  complementary  action,  which  was  determined  in  only  a  single 
experiment,  is  a  constant  one,  cannot  be  stated.  It  hardly  affords 
a  sufficient  explanation  for  the  negative  experiment,  and  further 
studies  are  necessary  to  clear  up  this  point. 

Previous  workers  with  leuko  toxic  and  lymphotoxic  sera  have 
invariably  found  a  moderate  hemolytic  activity  upon  the  red  cells 
of  the  species  furnishing  the  antigen.  The  sera  studied  by  us  have 
also  been  moderately  hemolytic,  as  shown  by  the  following  protocol. 

Experiment  5. — Serum  H  from  a  rabbit  which  had  been  injected  with  human 
tonsil  lymphocytes  was  tested  against  washed  human  erythrocytes. 


Serum  H  (1  :  10) 
inactivated. 

5  per  cent  red 
blood  cells. 

Salt  solution. 

10  per  cent 
guinea  pig  com- 
plement. 

Hemolysis. 

Agglutination. 

cc. 

cc. 

1.0 

0.5 

0.5 

0.5 

+  + 

+ 

0.5 

0.5 

1.0 

0.5 

+ 

0 

0.1 

0.5 

1.4 

0.5 

0 

0 

0.05 

0.5 

1.45 

0.5 

0 

0 

0.01 

0.5 

1.49 

0.5 

0 

0 

0.00 

0.5 

2.00 

0.5 

0 

0 

Readings  after  1  hour  at  37°C.  and  18  hours  in  the  ice  box  showed  that  the 
serum  caused  slight  hemolysis  in  a  dilution  of  1:50.  The  thymotoxic  serum 
(R)  was  also  feebly  hemolytic  for  rat  corpuscles. 


Jan.  29,  1917. 


Experiment  6. 


Serum  R  (1  :  10) 
inactivated. 

5  per  cent  red 
blood  cells. 

Salt  solution. 

10  per  cent 
guinea  pig  com- 
plement. 

Hemolysis. 

Agglutination. 

cc. 

cc. 

1.0 

0.25 

0.75 

0.5 

+ 

0 

0.5 

0.25 

1.25 

0.5 

+ 

0 

0.1 

0.25 

1.65 

0.5 

0 

0 

0.0 

0.25 

1.75 

0.5 

0 

0 
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This  brings  up  at  once  the  question  as  to  whether  the  thymotoxic 
and  thymoagglutinative  factors  are  distinct  from  the  hemolytic  ones. 
That  the  sera  should  be  mildly  hemolytic  was  to  be  expected  not  only 
from  the  concurrent  experience  of  previous  workers,  but  from  the  fact 
that  the  cell  suspensions  could  not  be  rendered  wholly  blood-free 
even  by  repeated  washing. 

We  have  attacked  the  problem  in  two  ways:  first,  by  determining 
whether,  after  complete  absorption  of  the  hemolysin,  the  serum  still 
retained  to  a  degree  its  thymotoxic  and  thymoagglutinative  prop- 
erties; and  secondly,  by  studying  the  effects  upon  the  thymus  cells 
of  a  serum  prepared  by  immunizing  a  rabbit  against  rat  erythrocytes. 

Experiment  7  illustrates  the  fact  that  both  thymotoxic  and  thy- 
moagglutinative factors  persist  after  complete  absorption  of  the 
hemolysin  and  hemagglutinin. 

Experiment  7 . — Jan.  29,  1917.  Anti-thymus  Serum  R  from  the  rabbit  whose 
last  injection  with  thymus  cells  had  been  on  Jan.  5  was  inactivated.  The  hemo- 
lytic activity  of  the  serum  was  first  tested,  and  it  was  found  that  0.1  cc.  of  serum 
in  the  presence  of  0.5  cc.  of  10  per  cent  complement  completely  hemolyzed  0.25 
cc.  of  washed  rat  erythrocytes. 

A  preliminary  test  was  also  made  of  its  cytotoxic  property  for  thymus  cells. 
The  percentage  of  stained  cells  rose  after  reactivation  of  the  serum  from  6.2  to 
100  per  cent  and  agglutination  was  marked. 

To  absorb  out  the  hemolytic  factor  2  cc.  of  5  per  cent  red  cells  were  added  to 
2  cc.  of  inactivated  serum.  After  1  hour  at  37°C.  the  red  cells  were  removed 
by  centrifugation,  and  2  cc.  of  red  blood  cells  were  again  added.  The  erythro- 
cytes were  then  allowed  to  remain  in  contact  with  the  serum  in  the  ice  box  for  18 
hours.  On  the  following  day  the  serum  was  pipetted  off  and  tested  both  for 
its  hemolytic  activity  and  for  its  thymotoxic  action.    . 

0.1  cc.  of  the  absorbed  serum  now  completely  failed  to  hemolyze  0.25  cc.  of 
washed  erythrocytes  in  the  presence  of  0.5  cc.  of  complement.  A  definite  though 
diminished  toxicity  for  the  thymus  cells  could  still  be  demonstrated,  the  per- 
centage of  stained  cells  after  reactivation  rising  from  12.8  to  37.0  per  cent.  A 
control  normal  serum,  tested  against  the  same  suspension,  showed  no  increase 
in  the  percentage  of  stained  cells,  after  addition  of  complement.  These  relations 
are  shown  graphically  in  Text-fig.  4. 

Several  other  experiments  conducted  in  the  same  manner  have 
given  comparable  results.  One  may  conclude  from  them  that 
either  (a)  there  is  a  toxic  factor  distinct  from  the  hemolytic  one  or 
(6)  the  hemolytic  factor  persists  in  the  absorbed  serum  in  minimal 
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amount,  which  is  impotent  to  cause  laking  of  the  er>lhrocytes,  but 
is  still  sufficient  so  to  alter  the  permeability  of  the  lymphocytes  that 
the  percentage  of  stained  cells  is  increased.  There  seems  at  present 
no  way  of  deciding  which  of  these  two  suppositions  is  the  correct  one. 
In  the  hope  of  obtaining  further  information  upon  the  question 
of  the  identity  of  hemolytic  and  th^motoxic  substances,  a  hemolytic 
serum  was  prepared  by  injecting  a  rabbit  with  washed  rat  er}lhro- 


PerCekjt 


Jan.  Z9 
Before  Ab- 
sorption 
Ctu5  A 

Text-Fig.  4.     Experiment  7.    Persistence  of  thymotoxins  and  thymoagglu- 
tinins  after  the  absorption  of  hemolysin  from  thjTnotoxic  senmi. 


Jan.30 

Jan.30 

Jan.30 

UNABiORBED 

Ab50R5e:d 

Control 

Serum 

5erum 

3erum 

ClllsD 

Cells  5 

ClllsB 

cytes.  The  toxicity  of  this  serum  for  thymus  cells  was  then  tested, 
and  the  separation  of  the  two  factors  by  absorption  with  red  cells 
and  thymus  cells,  respectively,  attempted. 

Experiment  8. — Jan.  23,  1917.  Serum  from  Rabbit  H  which  had  received 
four  spaced  injections  of  washed  rat  corpuscles  intravenously  was  obtained  12 
days  after  the  last  injection. 
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A.  Preliminary  Hemolytic  Titration. 


Serum  (1  :  10)  inac- 
tivated. 

Red  blood  cells. 

Complement 

Hemolysis. 

Agglutination. 

cc. 

cc. 

1.0 

0.25 

0.5 

+ 

+  +  + 

0.5 

0.25 

0.5 

+ 

+  +  + 

0.25 

0.25 

0.5 

+ 

+  + 

0.12 

0.25 

0.5 

+ 

+ 

0.0 

0.25 

0.5 

0 

0 

1.0 

0.25 

0 

0 

The  serum  is  moderately  hemolytic  in  dilution  up  to  1 :  400  although  the 
hemolysis  is  masked  somewhat  by  the  strong  agglutination. 

B.  Preliminary  Test  for  Thymotoxic  and  Thymoaggluthiating  Properties. 


Mixture. 

20  min.  in  incubator. 

30  min.  after  the 
addition  of  0.5 
cc .  of  10  per  cent 
guinea  pig  com- 
plement. 

Stained 
cells. 

Unstained 
cells. 

Percentage 

of  stained 

cells. 

Percentage 
of  stained  cells. 

Serum  (1: 10)  inactivated,  0.05  cc. 
Thymus  cells,                      0.1     " 

27 

458 

5.5 

94.5 

C.  Absorption  of  Hemolysin  and  Hemagglutinin. 

Inactivated  serum  (1 :  10) 3  cc. 

5  per  cent  rat  erythrocytes 3   " 


In  the  incubator  1  hour  at  37°C.  Centrifuged  serum  was  pipetted  oflf  and 
1  cc.  of  fresh  suspension  added.  Placed  in  the  ice  box  over  night.  The  follow- 
ing morning  the  completeness  of  the  absorption  was  tested.  It  was  found  that 
0.1  cc.  produced  neither  hemolysis  nor  agglutination  of  0.25  cc.  of  red  cor- 
puscles in  the  presence  of  0.5  cc.  of  10  per  cent  complement.  The  absorption  of 
the  hemolysis  was,  therefore,  apparently  complete. 

The  toxicity  of  the  absorbed  and  unabsorbed  sera  for  rat  thymus  cells  was 
then  compared,  a  fresh  suspension  from  a  healthy  young  animal  being  taken 
(Text-fig.  5). 


Agglutination  -1-+     ++ 
Plk  Cent 

100 1 
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■  Reactivated 


Jan.  23 

JAN.Z4 

5tRUM 

Serum 

UnAB50RB£:D 

Unabsorbed 

Ab50rbe:d 

Absorbed 

Serum 

5erum 

WITH  Red 

WITH  Thymus 

Blood  Cells 

CE.LLS 

Text -Fig.  5.    Experiment  8.    Persistence  of  the  thymotoxic  factor  in  hemo- 
lytic serum  after  absorption. 


Mi.\ture. 

Stained  cells. 

Unstained 
cells. 

Percentage  of 
stained  cells. 

Aggluti- 
nation. 

40  min.  in  incubator. 

Absorbed  serum  (1 :  10)   inactivated, 

73 

456 

13.8 

-- 

1.0  cc. 

Thymus  cells,  0.1  cc. 

45  min.  after  the  addition  of  0.5  cc.  of  10  per 
cent  guinea  pig  complement. 

315 

251 

55.7 

40  min.  in  incubator. 

Unabsorbed  serum  (1:  10)  inactivated, 

50 

457 

9.8 

+  + 

1.0  cc. 
Thymus  cells,  0.1  cc. 

0.5  cc.  of  10  per  cent  guinea  pig  complement 
added.     45  min.  in  incubator. 

388 

67 

85.3 
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The  serum,  after  apparently  complete  absorption  of  hemolysin  and  hemagglu- 
tinin, is  still  strongly  agglutinative  and  toxic  for  thymus  cells. 

To  determine  whether  any  of  the  agglutinin  for  thymus  cells  had  been  removed 
by  exposure  of  the  serum  to  red  blood  corpuscles  a  rough  quantitative  compari- 
son of  the  agglutinin  present  in  the  absorbed  and  unabsorbed  serum  was  made. 


Unabsorbed  serum  (1:  10). 

Absorbed  serum  (1: 10). 

Serum. 

Salt  solution. 

Agglutination. 

Serum. 

Salt  solution. 

Agglutination. 

iU. 

10 
8 
6 

3 
1 

0 

Sll- 
0 

2 
4 
7 
9 
10 

+  +  + 
+  + 
+  + 

0 
0 

git. 

10 
8 
6 
3 
1 

S'l- 
0 

2 
4 
7 
9 

+  +  + 

+  +  + 

+  + 

+  + 

0 

1  drop  of  a  thick  suspension  of  thymus  cells  to  each  tube  was  used.  Macro- 
scopic readings  were  made  after  1  hour  at  37°C.  There  appears  to  be  no  quan- 
titative diminution  in  the  amount  of  agglutinin  for  thymus  cells. 

Experiments  were  imdertaken  to  absorb  out  the  hemagglutinative  and  hemo- 
lytic factors  by  exposing  the  serum  to  suspensions  of  washed  thymus  cells.  This 
was  done,  an  equal  volume  of  a  thick  suspension  being  added,  and  after  1  hour 
in  the  incubator,  the  serum  was  centrifuged  and  pipetted  off  and  fresh  cells  were 
allowed  to  stand  in  contact  with  the  serum  for  18  hours  in  the  ice  box. 

The  serum  was  then  tested  for  its  hemolytic  and  hemagglutinative  powers. 
These  were  found  to  have  been  practically  unaffected,  0.1  cc.  upon  the  addition 
of  complement  still  causing  complete  hemolysis  and  strong  agglutination  of  0.25 
cc.  of  rat  corpuscles.  The  thymoagglutinative  and  thymotoxic  factors,  though 
much  reduced  were  still  present. 

To  sum  up  this  experiment,  which  has  been  repeated  with  similar 
results,  one  finds  that  (1)  hemolytic  serum  obtained  by  inmiunizing 
rabbits  with  washed  rat  erythrocytes  is  both  toxic  and  agglutinative 
for  small  thymus  cells;  (2)  the  thymotoxic  and  thymoagglutinative 
factors,  however,  cannot  be  completely  removed  by  absorption  of  the 
hemolysins  and  hemagglutinins;  (3)  the  hemolysin  and  hemagglu- 
tinin cannot  be  absorbed  by  exposure  of  the  serum  to  suspensions  of 
thymus  cells. 

The  c\'idence  seems  to  favor  the  view  that  we  are  dealing  with  two 
distinct  factors.  If  we  assume  that  the  thymus  cells  are  identical 
with  the  lymphocytes  of  the   circulating  blood,  it  seems  probable 
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that  specific  immune  bodies  have  been  produced  in  response  to  the 
lymphocytes  injected  with  the  washed  erythrocytes.  The  ahemative 
view  is  the  one  already  suggested;  namely,  that  minute  amounts  of 
hemol}-sin,  insufficient  to  cause  laking  of  the  red  cells,  are  still  able  to 
produce  the  striking  cytotoxic  effects  upon  the  thymus  cells  recog- 
nizable by  the  trA-pan  blue  method. 

Although  we  have  not  been  able  to  work  with  l>Tnphoc>'tes  from 
the  circulating  blood,  we  have  studied  the  action  of  th^motoxic 
serum  upon  suspensions  of  lymphocytes  derived  from  l>Tnph  glands. 
The  following  illustrative  protocol  shows  that,  as  far  as  their  reaction 
to  the  immune  serum  is  concerned,  thymus  cells  and  lymph  gland 
lymphoc}i:es  are  identical. 


Experiment  9. 


Jan.  30,  1917. 


Mixture. 

Stained  cells. 

Unstained 
cells. 

Percentage  of 
stamed  cells. 

Aggluti- 
nation. 

55  min.  in  incubator. 

Anti-thymus  serum  (1:  10),  1 .0  cc. 
Lymph  gland  lymphocytes,  0.2" 

112 

431 

20.6 

-- 

45  min.  after  the  addition  of  0.5  cc.  of 
complement. 

493 

27 

94.8 

55  min.  in  incubator. 

Anti-thymus  serum  (1:  10),  1 .0  cc. 
Thymus  cells,                         0.2    " 

62 

477 

11.5 

-- 

1  hr.  after  the  addition  of  0.5  cc.  of 
complement. 

487 

25 

95.1 

Both  lymph  gland  lymphocytes  and  small  thymus  cells  are  severe- 
ly injured  after  exposure  to  the  activated  anti-thymus  serum  (Text- 
fig.  6).  It  is  not  possible  to  secure  from  the  small  lymph  nodes  of 
the  rat  sufficiently  large  suspensions  to  make  absorption  tests  satis- 
factory. The  experiment  as  it  stands,  however,  seems  strongly  to 
point  to  a  close  biological  relationship  between  the  thymus  cells  and 
lymphocytes  from  other  sources. 
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Text-Fig.  6.  Experiment  9.  Comparison  of  the  action  of  thymotoxic  serum 
upon  thymus  cells  and  lymph  gland  lymphocytes. 

DISCUSSION   AND   SUMMARY. 

The  work  of  pre\ious  investigators  gives  the  impression  that  it  is 
easy  to  produce  sera  which  both  in  vitro  and  upon  injection  are 
leukotoxic.  At  the  same  time  the  specificity  of  these  leukotoxic 
sera  for  the  particular  t^pe  of  cell  used  as  antigen,  and  even  for  leuko- 
cytes in  general,  has  been  doubtful.  The  methods  used  have  made 
certain  possible  factors  of  error  unavoidable.  Even  careful  washing 
of  an  organ  or  suspension  cannot  render  it  wholly  ])lood-free,  so  that 
it  is  not  suryjrising  that  the  sera  should  be  moderately  hcmol}i-ic  and 
hemagglutinative.     Pearce^"  has  shown  that  the  injection  of  very 


^^  Pearce,  R.  M.,  Concerning  the  specificity  of  the  somatogenic  cytotoxins, 
/.  Med.  Research,  1904,  xii,  1. 
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small  amounts  of  blood  is  sufficient  to  evoke  the  production  of  im- 
mune hemolysins.  When  such  sera  are  injected  the  lesions,  as 
Pearce  states,  may  be  due  in  part  to  the  production  of  hemagglu- 
tinative  thrombi,  although  this  hardly  seems  to  apply  to  the  changes 
in  lymphoid  tissue  described  by  Flexner.  On  the  other  hand,  the 
lymphotoxic  effect  of  hemolytic  sera  may  be  due  to  the  lymphocytes 
injected  with  the  red  cells. 

Our  own  experiments  indicate  that  the  ]>Tnphotoxic  and  agglu- 
tinative factors  are  to  a  considerable  degree  distinct  from  the  hemo- 
l^-tic  and  hemagglutinative  ones,  since  they  can  be  separated  from 
one  another  by  absorption. 

Further  evidence  is  presented  that  the  small  th>Tnus  cells  are 
biologically  related  to,  if  not  identical  with  the  lymphocytes  derived 
from  lymph  glands. 

I  wish  to  acknowledge  the  assistance  of  Miss  Kate  Brogan  in  the 
technical  part  of  the  work. 

EXPLANATION  OF  PLATE  13. 

Fig.  1.  Rat  A.  Thymus  24  hours  after  the  injection  of  immune  serum  and 
complement. 

Fig.  2.  Rat  B.  Thymus  24  hours  after  the  injection  of  normal  serum  and 
complement. 
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(Pappenheimer:   Experimental  studies  upon  lymphocytes.       II. 


THE  MECHANISM  OF  UREA  RETENTION  IN  NEPHRITIS. 

By  franklin  C.  McLEAN,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  March  3,  1917.) 

The  present  paper  furnishes  additional  e\-idence  in  support  of  the 
view  of  the  mechanism  of  urea  retention  in  Bright's  disease  advanced 
by  Widal  and  Javal  in  1904  (1).  Upon  their  conception  of  this 
mechanism  was  based  the  later  work  of  Ambard  and  Weill  (2)  and 
of  the  author  (3),  On  account  of  a  present  general  misconception 
of  the  mechanism  of  urea  retention,  it  seems  ad\asable  to  add  further 
evidence  in  favor  of  the  h}^othesis  originated  by  the  French  school, 
although  all  credit  for  the  conception  must  be  given  to  these  writers. 
It  is  not  proposed  at  this  time  to  discuss  the  respective  merits  of 
diagnostic  tests  of  renal  function,  either  in  regard  to  their  rehabihty 
or  simpHcity.  These  studies  have  been  carried  on  with  the  view  of 
estabHshing  certain  laws  which  have  biological  significance  and  are 
apparently  vahd. 

For  the  purposes  of  the  present  paper  the  term  urea  retention  is 
intended  to  mean  a  relatively  increased  concentration  of  urea  in  the 
blood  and  tissues,  such  as  may  occur  over  rather  long  periods  of  time 
in  acute  and  chronic  nephritis  and  is  attributed  to  a  disturbance  in 
renal  function. 

It  does  not  refer  to  the  more  rapid  accumulation  of  urea  which  may 
occur  as  a  result  of  partial  or  complete  suppression  of  urine,  due  not 
to  a  specific  defect  in  the  function  which  has  to  do  with  the  excretion 
of  urea,  but  to  a  suspension  of  that  function  which  has  to  do  with 
the  ehmination  of  fluid  through  the  kidneys.  Such  accumulation 
commonly  occurs  in  oliguria  due  to  passive  congestion  of  the  kidneys, 
or  to  any  other  cause.  Neither  does  it  refer  to  the  long  continued 
positive  nitrogen  balance  which  has  been  described  by  some  authors. 

Widal  and  Javal  (1)  kept  a  woman  aged  34  years  under  observation  for  4  months, 
during  which  time  the  nitrogen  balance  was  carefully  observed.     The  patient 
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had  been  ill  for  1  year  with  chronic  nephritis  and  the  general  condition  remained 
unchanged  during  the  period  of  observation.  The  urine  albumin  varied  between 
1.0  and  2.5  gm.  per  liter.  The  chloride  balance  was  perfect.  They  found  that 
the  patient  came  into  nitrogen  equilibrium  readily  after  changes  in  the  nitrogen 
intake,  though  somewhat  more  slowly  than  a  normal  individual.  They  also 
found  that  the  concentration  of  urea  in  the  blood  bore  a  direct  relation  to  the  diet, 
and  on  a  constant  nitrogen  intake  was  practically  constant.  After  changes  in 
diet  the  blood  urea  could  be  restored  to  the  former  level  by  a  return  to  the  orig- 
inal diet.  They  succeeded  in  causing  the  concentration  of  urea  in  the  blood  to 
increase  from  0.36  to  1.93  gm.  per  Hter  by  increasing  the  nitrogen  intake.  As  a 
result  of  their  experiment,  they  concluded  that  the  fluctuations  in  the  level  of 
blood  urea  were  due  to  the  changes  in  diet,  and  that  the  increased  concentration 
of  urea  in  the  blood,  which  occurred  in  response  to  increased  nitrogen  intake, 
effected  the  elimination  of  increased  amounts  of  urea  through  the  kidneys.  The 
organism  therefore  remained  in  nitrogen  equilibrium.  In  other  words,  high  nitro- 
gen intake,  relatively  high  blood  urea,  and  high  rate  of  excretion  were  found  to 
be  parallel  and  interdependent  phenomena,  as  were  low  nitrogen  intake,  rela- 
tively low  blood  urea,  and  low  nitrogen  output.  The  term  relative  is  used  since, 
as  has  been  repeatedly  pointed  out,  there  can  be  no  absolute  standard  for  the  con- 
centration of  urea  in  the  blood,  either  in  health  or  in  disease.  The  above  hypoth- 
esis received  further  support  from  the  work  of  Ambard  and  Weill  (2),  who  dem- 
onstrated that  the  rate  of  urea  excretion  depends  primarily  on  the  concentration 
in  the  blood.  Numerous  authors  have  confirmed  the  observation  of  Widal  and 
Javal  on  the  dependence  of  the  concentration  of  urea  in  the  blood  on  the  level 
of  protein  intake. 

The  present  paper  deals  chiefly  with  the  detailed  study  of  two  cases 
similar  to  the  study  made  by  Widal  and  Javal,  with  a  simultaneous 
study  of  the  state  of  the  urea  excretion  function  by  the  index  of  urea 
excretion,  based  on  Ambard's  laws,  previously  described  (3).  These 
two  cases  reveal  the  interrelationship  between  nitrogen  intake,  blood 
urea  concentration,  and  nitrogen  output,  and  show  that  changes 
in  the  separate  factors  may  occur  while  no  change  in  the  actual  abil- 
ity of  the  kidneys  to  excrete  urea  is  demonstrable.  Additional  data 
are  presented,  from  other  cases,  which  show  in  common  a  character- 
istic not  previously  described. 

Methods  of  Observation. 

The  two  patients  first  described  were  cases  of  chronic  nephritis 
selected  on  accoimt  of  their  diminished  urea-eliminating  function, 
with  httle  or  no  impairment  of  the  function  of  water  excretion.     They 
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were  ambulatory  patients,  apparently  not  in  a  progressing  state  of 
the  disease,  and  were  able  to  tolerate  the  dietary  changes  well.  On 
account  of  the  length  of  the  experiments  it  was  thought  advisable  to 
allow  a  somewhat  more  varied  diet  than  is  usual  in  metabohsm  ex- 
periments, but  the  protein-containing  foods  were  analyzed  frequently, 
and  were  not  varied  from  day  to  day.  Protein  was  given  chiefly  in 
the  form  of  eggs,  bread,  and  milk.  The  chloride  and  fluid  intake 
were  also  kept  constant.  Urine  and  stools  were  collected  for  24  hour 
periods  and  analyzed  daily  for  nitrogen.  Blood  urea  was  determined 
about  twice  a  week,  with  a  simultaneous  urine  analysis  on  a  carefully 
timed  specimen,  in  order  to  compute  the  index  of  urea  excretion. ^ 

Both  the  patients  tolerated  the  regimen  well  and  showed  little  or 
no  change  in  the  general  condition  at  the  end  of  the  experiment. 

Case  1. — C.  P.,  male;  age  48  years  (Table  I,  Text-fig.  1). 

Diagnosis. — General  arteriosclerosis,  chronic  interstitial  nephritis. 

The  patient  was  first  admitted  to  the  hospital  on  September  14,  1915,  and  was 
kept  under  observation  until  June  5,  1916.  He  complained  of  general  weakness 
and  loss  of  weight  which  had  been  progressing  for  4  or  5  years.  Physical  exam- 
ination revealed  an  advanced  grade  of  peripheral  arteriosclerosis.  The  heart 
was  slightly  enlarged.  The  rate  and  rhythm  were  normal.  There  were  no 
murmurs.  Fluoroscopic  examination  and  the  x-ray  plate  of  the  chest  showed 
an  enlarged  aortic  arch.  The  blood  pressure  was  180  systolic  and  110  diastolic. 
The  urine  was  clear,  straw-colored,  neutral;  specific  gravity  1,011.  There  was 
a  heavy  trace  of  albumin,  but  no  sugar.  Hyaline  and  finely  granular  casts  were 
present,  but  not  in  large  numbers.  No  red  blood  cells  were  found.  The  total 
elimination  of  phenolsulfonephthalein  was  30  per  cent  in  2  hours  on  September  15. 

The  patient  reentered  the  hospital  in  October  and  the  nitrogen  balance  was 
determined  from  October  26  to  December  29.    The  findings  during  this  period 

'  The  index  of  urea  excretion  is  computed  from  the  concentration  of  urea  in 
the  blood,  the  rate  of  urea  excretion,  the  concentration  of  urea  in  the  urine,  and 
the  weight  of  the  patient,  according  to  the  following  formula. 

T    J         r  ■        rr^         '^  V^  X  8.96 

Index  of  urea  excretion  (I)  =  -^r-: 77— r — 

Wt.  X  Ur.2 

D     =  gm.  of  urea  excreted  per  24  hours. 
C      =     «    «    "      pgj.  ][jj^gj.  of  urine. 

Ur.  =     "    "    "        "      "    "  blood. 
Wt.  =  body  weight  of  individual,  in  kilos. 

For  further  details  consult  the  description  of  the  index  in  previous  papers  (3). 
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Text-Fic.  1.     Case  1.     Graphic  presentation  of  the  data  in  Table  I 
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of  observation  are  given  in  Table  I.  The  patient  tolerated  the  strict  dietary 
regimen  well,  and  complained  only  of  gastric  distress  at  times. 

At  the  time  of  discharge  from  the  hospital,  the  patient  had  gained  in  weight 
and  strength,  but  there  had  been  no  change  in  the  urinary  or  blood  findings. 

Case  2. — W.  F.,  male;  age  17  years  (Table  II,  Text  fig.  2). 

Diagnosis. — Chronic  interstitial  nephritis,  aortic  and  mitral  stenosis. 

Admitted  to  the  hospital  on  March  27, 1916.  The  patient  seemed  quite  well,  but 
was  brought  to  the  hospital  on  account  of  albuminuria.  This  had  been  discov- 
ered 1  year  before,  after  a  brother  aged  18  years  had  died  suddenly  of  uremia. 
The  patient  had  had  three  attacks  of  rheumatism,  6,  4,  and  2  years  ago.  Follow- 
ing the  last  attack,  he  had  heart  failure,  with  edema  of  both  legs,  which  had  been 
relieved  by  administration  of -a  drug  which  caused  a  marked  diuresis.  No  history 
of  scarlet  fever,  measles,  or  diphtheria  was  obtained. 

On  physical  examination  the  patient  appeared  to  be  a  normal  healthy  boy 
aged  17  years,  well  nourished,  and  with  good  color.  The  heart  was  enlarged, 
and  there  was  a  systolic  murmur  at  the  apex  and  a  diastolic  murmur  at  the  base. 
There  were  no  signs  or  symptoms  of  heart  failure.  The  blood  pressure  was  140 
systolic  and  85  diastolic.  The  urine  was  clear,  straw-colored,  and  acid;  specific 
gravity  1,012.  There  was  a  heavy  trace  of  albumin,  and  no  sugar.  The  sedi- 
ment contained  hyaline  casts,  leukocytes,  and  occasional  red  blood  cells. 

The  patient  was  kept  under  close  observation,  and  the  nitrogen  balance  deter- 
mined from  March  28  to  June  11.  During  this  time  there  was  no  change  in  the 
general  condition.  On  May  31,  40  gm.  of  urea  were  added  to  the  diet,  on  June  1, 
40  gm.,  and  on  June  2,  20  gm.  No  effect  was  noticed  except  that  the  patient 
asked  for  an  increase  in  the  daily  allowance  of  fluid.  The  patient  stated  that  he 
felt  no  change  in  his  condition  on  or  after  these  days. 

Since  discharge  from  the  hospital  the  general  condition  has  remained  unchanged. 
When  last  examined  on  November  22,  1916,  the  urine  was  amber  and  turbid; 
specific  gravity  1,012.  1.2  gm.  of  albumin  per  liter  of  urine  were  found  (Esbach). 
There  were  a  few  casts  in  the  sediment.  The  blood  urea  concentration  was 
0.774  gm.  per  liter  and  the  urea  index  was  28.2. 

Since  Cases  1  and  2  are  exactly  similar,  they  will  be  discussed  to- 
gether. Both  show  the  essential  features  described  by  Widal  and 
Javal  in  their  case;  that  is,  a  close  parallelism  between  nitrogen  in- 
take, concentration  of  urea  in  the  blood,  and  nitrogen  output. 
Changes  in  nitrogen  intake  were  always  quickly  followed  by  a  change 
in  the  concentration  of  urea  in  the  blood  and  in  nitrogen  output,  so 
that  nitrogen  balance  was  reestablished  on  the  new  level.  In  Case 
2  extremely  wide  fluctuations  in  the  concentration  of  urea  in  the  blood 
were  obtained,  from  a  minimum  of  0.262  gm.  per  liter  to  a  maximum 
of  2.542  gm.     It  is  significant  that  the  upper  limit  was  far  above  the 
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concentration  in  the  blood  at  which  Hewlett,  Gilbert,  and  Wickett 
(4)  believe  that  toxic  effects  of  urea  appear.  The  subject  in  this 
case  is  one  in  whom  uremic  symptoms  should  appear  when  the  blood 
urea  rises  to  a  high  level,  if  these  symptoms  are  in  any  way  referable 
to  urea.  As  a  matter  of  fact,  no  effect  was  noted  beyond  an  increased 
fluid  output,  a  slight  loss  in  weight,  and  increased  thirst. 

The  findings  regarding  urea  excretion  are  of  especial  interest.  In 
Case  1,  with  a  variation  in  blood  urea  concentration  from  a  minimum 
of  0.211  gm.  per  Hter  to  a  maximum  of  0.858  gm.,  the  index  of  urea 
excretion  remained  remarkably  constant.  In  eighteen  observations^ 
with  an  average  of  21.4,  a  figure  below  16.4  is  noted  only  once,  and 
above  26.4  three  times.  The  variations  must  be  regarded  as  insig- 
nificant when  the  complexity  of  the  formula  and  the  possibility  of  error 
in  obtaining  the  final  result  are  taken  into  account. 

In  Case  2  a  somewhat  greater  range  of  variation  is  noted.  The 
most  significant  variation  is  that  seen  on  June  2,  when  the  blood  urea 
reached  2.542  gm.  per  Hter.  Apparently  the  demand  on  the  kidneys 
for  the  excretion  of  urea  had  exceeded  their  maximum  capacity,  and 
an  actual  accumulation  had  begun.  This  occurred,  however,  only 
when  the  nitrogen  intake  had  been  maintained  at  over  36  gm.  per 
day  for  more  than  2  days. 

The  two  cases  confirm  the  findings  of  Widal  and  Javal,  and  add  the 
fact  that  no  essential  variation  in  the  ability  of  the  kidneys  to  respond 
to  even  high  concentrations  of  urea  in  the  blood  at  various  levels  of 
protein  metabolism  was  demonstrable,  until  a  very  high  level  was 
reached;  that  is,  the  quantitative  relationship  that  existed  between 
the  concentration  of  urea  in  the  blood  and  the  rate  of  its  excretion 
remained  the  same  at  all  levels  of  protein  metabolism.  The  usual 
increase  in  blood  urea  concentration  in  nephritic  individuals,  on  a 
Hberal  allowance  of  protein,  can,  therefore,  hardly  be  attributed  to 
diminished  capacity  for  urea  elimination.  In  these  patients  the  capac- 
ity for  urea  excretion  was  far  beyond  the  ordinary  demands  on  that 
function,  yet  a  relative  increase  in  the  blood  urea  concentration  is 
evident  at  all  levels  of  protein  metabolism. 

Several  writers  who  have  published  observations  obtained  by  means 
of  Ambard's  laws  have  emphasized  the  variations  which  occur  in 
normal  individuals.     These  variations,  which  may  be  quite  wide, 
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are  known  to  occur  in  the  same  individual  and  amopg  different  in- 
dividuals. Attention  has  repeatedly  been  called  to  similar  obser- 
vations in  previous  papers  (3).  These  variations,  however,  do  not 
appear  to  affect  the  vaHdity  of  Ambard's  laws.  Evidence  that  the 
laws  are  vaHd  in  as  far  as  the  variables  considered  are  concerned  seems 
conclusive.  If  this  is  true,  then  variations  in  the  results  must  be 
accounted  for  by  changes  in  the  individual  which  introduce  certain 
variable  factors  not  represented  in  the  formula.  We  have  pre- 
viously suggested  that  the  variation  may  be  due  in  part  to  such  vari- 
able factors. 

In  the  first  place,  it  has  been  generally  recognized  that  the  results 
are  more  nearly  constant  in  nephritic  individuals  than  in  nonnal 
individuals.  The  cases  outlined  above  illustrate  the  constancy  of 
the  laws  in  two  individuals  with  a  marked  disturbance  in  the  elim- 
ination of  urea.  It  is  in  normal  individuals,  as  has  already  been 
noted,  that  a  marked  v'ariability  occurs  in  the  index,  although  the 
findings  do  not,  as  a  rule,  give  rise  to  doubt  as  to  whether  the  indi- 
vidual falls  within  a  normal  or  an  abnormal  group.  Variability  or 
elasticity  of  this  sort  probably  represents  a  factor  of  safety.  Its 
loss,  therefore,  would  seem  to  be  a  sign  of  disease,  even  though  this 
loss  occurs  before  any  quantitative  diminution  in  renal  function  ap- 
pears. If  this  assumption  is  correct,  we  should  expect  to  find  indi- 
viduals in  whom  normal,  or  nearly  normal  c^uantitative  estimations 
of  renal  function  are  found,  but  in  whom,  on  repeated  examination, 
there  is  the  striking  constancy  in  numerical  results  of  the  application 
of  Ambard's  laws  that  is  shown  by  distinctly  abnormal  cases.  These 
individuals  would  not,  then,  be  considered  normal.  Cases  3  to  6 
(Tables  III  to  VI)  show  this  constancy  in  numerical  value  of  the 
index. 

Case  3. — E.  C,  female;  age  39  years  (Table  III). 

Diagnosis. — Mitral  stenosis,  arterial  hypertension,  hypertrophy  of  heart. 

The  patient  was  under  observation  from  December  2,  1915.  She  complained 
of  headache,  cough,  and  dyspnea  on  exertion,  and  presented  the  physical  signs 
of  mitral  stenosis.  There  was  no  edema.  Her  blood  pressure  varied  while  under 
observation  from  210  systolic  and  130  diastolic,  to  140  systolic  and  80  diastolic 
after  rest  in  bed.  Examination  of  the  urine  on  December  11  showed  it  to  be 
clear,  amber,  acid,  and  to  contain  a  very  faint  trace  of  albumin  but  no  casts  or 


FRANKLIN   C.    McLE;\.N 


193 


sugar;  specific  gra^ty  1,027.  On  repeated  examination  the  amount  of  albumin 
varied  from  negative  to  a  trace.  Hyaline  casts  were  found  but  once.  The  pa- 
tient was  subjected  to  alterations  in  diet,  but  the  nitrogen  balance  was  not  deter- 
mined. Her  general  condition  improved  with  complete  rest,  but  there  was  no 
change  in  the  physical  signs,  except  for  lowering  of  blood  pressure. 

The  total  elimination  of  phenolsulfonephthalein  on  December  2  was  65 
per  cent  in  2  hours. 

The  findings  regarding  urea  excretion  in  the  six  observations  which  were  made 
are  tabulated  in  order,  according  to  the  concentration  of  urea  found  in  the  blood. 

TABLE  III. 
Case  3. 


Weight. 

Urine  in 
2-lhrs. 

Urea. 

Date. 

Per  liter  of 
blood 
(Ur,»). 

Per  liter  of 
urine 
(C*). 

Amount  in 
24hrs. 
(D*). 

e.xcretion 

(I*). 

1915-16 

Dec.  31 

Jan.   26 

Dec.    3 

"       2 

Jan.    11 

Dec.  14 

kg. 

72.2 
69.6 
76.0 
75.5 
72.0 
74.6 

cc. 

7,100 
9,300 
4,900 
10,200 
2,020 
2,600 

gm. 

0.107 
0.170 
0.187 
0.196 
0.252 
0.300 

gm. 

1.30 
1.69 

3.13 
2.23 
8.82 
9.35 

gm. 

9.07 
15.7 
15.3 
22.8 
17.85 
24.3 

112 

91 

92 

105 

104 

99 

*  For  the  explanation  of  these  abbreviations  see  the  formula  for  the  index  of 
urea  excretion.^ 


Case  4. — J.  F.,  male;  age  43  years  (Table  IV). 

Diagnosis. — Mitral  stenosis,  auricular  fibrillation,  chronic  heart  failure. 

The  patient  was  admitted  on  November  27,  1915,  and  remained  in  the  hos- 
pital until  July  11,  1916,  when  he  died.  During  the  entire  stay  he  presented  a 
typical  picture  of  chronic  cardiac  valvtilar  disease  with  heart  failure.  Response 
to  treatment  was  at  times  striking,  but  never  prolonged,  and  the  patient  was 
never  entirely  free  from  edema.  The  amount  of  albumin  in  the  urine  varied 
from  a  very  faint  trace,  at  times  when  the  elimination  of  urine  was  best,  to  3.0 
gm.  per  liter  (Esbach)  at  times  when  the  other  signs  of  cardiac  failure,  such  as 
dyspnea,  cyanosis,  edema,  and  scanty  urine,  were  worst.  Hyaline  and  granular 
casts  were  present  in  abundance  at  times,  but  were  few  in  number  or  absent  when 
the  urine  albumin  was  low  in  amount.  Red  blood  cells  of  undetermined  origin 
were  constantly  present.  The  findings  regarding  urea  excretion  also  varied  with 
the  condition  of  the  patient,  quantitatively  normal  findings  being  present  at  times 
when  other  signs  were  favorable.  The  table  shows  four  successive  observations 
made  during  one  of  these  periods.     At  this  time  the  patient  was  voiding  an  amount 
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of  fluid  in  excess  of  his  intake,  felt  fairly  well,  and  the  edema|Was  disappearing. 
The  urine  on  March  11,  was  amber,  turbid,  and  there  was  a  very  faint  trace  of 
albumin;  specific  gravity  1,019.  The  sediment  contained  red  blood  cells,  but 
no  casts  were  seen. 

TABLE  IV. 

Case  4. 


Weight. 

Urine  in 
24hrs. 

Urea. 

Index  of 

Date. 

Pel  liter  of 
blood 

(Ur.). 

Per  liter  of 
urine 
(C). 

Amount  in 

24hrs. 

(D). 

excretion 
(I). 

1916 

kg. 

cc. 

gm. 

gm. 

gm. 

Mar.    7 

63.0 

1,220 

0.345 

18.15 

22.1 

112 

"       8 

62.6 

900 

0.294 

17.65 

15.9 

108 

"       9 

62.0 

1,200 

0.279 

13.4 

16.1 

110 

"     12 

60.8 

1,280 

0.333 

17.2 

22.0 

121 

Case  5. — M.  G.,  male;  age  58  years  (Table  V). 

Diagnosis. — General  arteriosclerosis,  chronic  myocarditis,  and  hypertrophy  of 
heart. 

The  patient  was  admitted  to  the  hospital  on  December  8,  1915,  and  remained 
under  observation  until  April  3,  1916.  On  admission  he  complained  of  swelling 
of  the  feet  and  dyspnea  on  exertion.  There  was  marked  edema  of  both  lower 
extremities.  The  heart  was  considerably  enlarged,  the  rate  was  rapid,  and  the 
rhythm  normal.  A  systolic  murmur  was  heard  at  the  apex.  The  urine  was 
turbid,  dark  amber,  acid,  and  contained  0.25  gm.  of  albumin  per  liter  (Esbach) ; 
specific  gravity  1,013.  There  was  no  sugar.  The  sediment  contained  many 
leukocytes  and  leukocytic  and  hyaline  casts.  After  a  few  days  in  bed  without 
change  in  condition  a  marked  diuresis  was  induced  with  theocin  (0.9  gm.  daily 
for  3  days).  The  edema  of  the  extremities  rapidly  disappeared,  there  being  prac- 
tically none  demonstrable  on  December  17,  although  fluid  in  the  chest  persisted 
for  some  time  longer.  At  this  time  there  was  only  a  faint  trace  of  albumin  in 
the  urine,  with  numerous  leukocytes,  but  no  casts  in  the  sediment.  The  general 
condition  of  the  patient  remained  good.  The  table  shows  all  observations  made 
on  urea  excretion  from  the  time  of  admission  until  January  5,  1915,  when  theocin 
was  again  administered.  The  patient  later  had  an  attack  of  hemiplegia,  and 
one  of  bronchopneumonia,  but  was  discharged  from  the  hospital  in  fairly  good 
condition  on  March  5,  1916.  He  died  on  May  31,  of  a  second  attack  of  hemi- 
plegia. 
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TABLE   V. 
Case  5. 


Weight. 

Urine  in 
24  hrs. 

Urea. 

Index  of 

excretion 

(I). 

Date. 

Per  liter  of 
blood 
(Ur.). 

Per  liter  of 
urine 
(C). 

Amount  in 

24  hrs. 

(D). 

Medication. 

IQJ5 

kg. 

cc. 

Sm. 

gm. 

gm. 

Dec.     9 

91.6 

1,060 

0.403 

19.43 

20.6 

55 

"      12 

91.6 

2,000 

0.374 

13.8 

27.6 

72 

"      13 

91.0 

1,535 

0.381 

14.1 

21.7 

55 

"      14 

89.2 

2,840 

0.336 

7.78 

22.1 

55 

Theocin. 

"      15 

86.4 

5,360 

0.232 

6.4 

34.2 

167 

« 

"     16 

83.8 

3,400 

0.234 

6.98 

23.7 

123 

« 

«     20 

82.2 

2,160 

0.384 

14.1 

30.4 

85 

«     23 

80.2 

2,360 

0.361 

12.1 

28.6 

85 

«     27 

78.0 

1,840 

0.461 

19.6 

36.0 

86 

"     30 

78.0 

1,620 

0.440 

20.7 

36.6 

89 

1916 

Jan.     3 

78.6 

2,000 

0.457 

19.85 

39.7 

97 

"       5 

77.8 

1,800 

0.416 

17  A 

31.3 

87 

Case  6. — J.  A.,  male;  age  43  years  (Table  VI). 

Diagnosis. — Chronic  interstitial  nephritis,  hypertrophy  of  heart. 

The  patient  was  first  admitted  to  the  hospital  in  March,  1915,  and  has  been 
under  almost  constant  observation  since  that  time.  He  suffers  from  frequent 
attacks  of  cardiac  insufficiency  associated  with  severe  edema,  ascites,  and  hydro- 
thorax.  He  responds  readily  to  treatment,  and  generally  leaves  the  hospital  in 
fairly  good  condition,  without  dyspnea,  cyanosis,  or  edema.  Table  VI  records 
the  observations  made  during  the  patient's  third  stay  in  the  hospital,  and  all  the 
findings  of  the  period  from  March  23  to  April  20  are  shown.  An  unusual  con- 
stancy in  the  index  of  excretion  is  shown.  During  this  time  the  patient  was 
improving  rapidly  while  taking  digipuratum,  0.2  gm.,  and  diuretin,  0.2  gm. 
daily,  5  days  out  of  7.  The  urine  was  clear,  amber,  and  acid;  specific  gravity 
1,009.  There  was  a  trace  of  albumin,  and  a  few  hyaline  casts  were  seen  in  the 
sediment.  Fluid  excretion  during  the  period  was  constantly  in  excess  of  the  in- 
take. At  other  times  the  findings  have  shown  a  marked  difference  from  those 
detailed  below.  The  patient  is  at  present  again  in  the  hospital,  having  been 
admitted  for  the  fifth  time. 
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TABLE  VI. 
Case  6. 


Weight. 

Urine  in 
24  hrs. 

Urea. 

Index  of 

Date. 

Per  liter  of 
blood 

(Ur.). 

Per  liter  of 
urine 

(C). 

Amount  in 

24  hrs. 

fD). 

excretion 
(I). 

1916 

kg. 

cc. 

gm. 

gm. 

gm. 

Mar.  23 

85.6 

1,745 

0.326 

9.53 

16.62 

50 

"     24 

84.8 

1,300 

0.312 

11.6 

15.1 

56 

"     25 

84.0 

2,600 

0.310 

7.46 

19.4 

59 

"     27 

78.6 

1,400 

0.310 

9.4 

13.15 

48 

"     28 

77.2 

940 

0.300 

12.22 

11.5 

52 

"     30 

76.6 

860 

0.337 

14.52 

12.5 

51 

Apr.     1 

76.0 

1,100 

0.340 

11.95 

13.15 

46 

"       3 

76.6 

1,200 

0.407 

16.4 

19.65 

56 

"       4 

76.8 

1,200 

0.423 

17.25 

20.7 

56 

"       6 

74.8 

1,100 

0.399 

15.55 

17.1 

51 

"        8 

72.0 

700 

0.354 

18.15 

12.7 

54 

"     10 

71.8 

1,015 

0.447 

18.8 

19.1 

52 

"      13 

72.2 

1,300 

0.507 

19.2 

24.95 

52 

"      16 

72.0 

940 

0.411 

16.35 

15.4 

46   ■ 

"      18 

71.0 

900 

0.414 

17.8 

16.05 

50 

"     20 

69.8 

800 

0.329 

15.8 

12.6 

59 

Cases  3,  4,  and  5  show  results  regarding  urea  excretion  resembling 
the  normal  as  far  as  numerical  value  is  concerned,  but  differing  from 
healthy  individuals  in  that  they  show  no  tendency  to  variation  in 
the  numerical  value  of  the  index.  The  significance  of  such  findings 
has  not  yet  been  determined,  but  they  have  a  distinct  bearing  on  the 
physiology  of  urea  excretion.  We  assume  that  as  a  result  of  some 
unknown  pathological  change,  a  fixation  of  certain  factors  involved 
in  urea  excretion  which  are  variable  in  normal  individuals  has  oc- 
curred; The  numerical  results  remain  constant,  even  when  wide 
variations  in  the  level  of  protein  metaboHsm  are  brought  about  by 
changes  in  the  diet.  This  was  shown  to  be  true  in  Case  3.  Case  6 
shows  findings  more  definitely  pathological,  but  here  too  is  a  high 
degree  of  constancy  in  the  index. 

In  Case  5,  during  a  time  when  the  circulation  was  obviously  poor 
and  the  urine  showed  evidence  of  renal  passive  congestion,  the  index 
was  nearly  constant  at  55.  The  administration  of  theocin  was  fol- 
lowed by  marked  diuresis  and  a  temporary  increase  in  the  index. 
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The  edema  disappeared  as  well  as  the  signs  of  passive  congestion. 
The  index  then  remained  constant  at  about  85.  The  index  was 
accordingly  capable  of  variation,  but  not  in  the  manner  that  varia- 
tion ordinarily  occurs  in  normal  individuals.  One  must  conclude 
that  the  factors  which  are  usually  variable  in  normal  individuals 
were  unusually  fixed  in  this  individual.     Case  4  resembled  Case  5. 

Case  3  was  one  of  those  we  are  accustomed  to  include  in  the  group 
of  primary  hypertension,  in  view  of  the  absence  of  demonstrable 
renal  lesion.  According  to  the  view  just  presented,  the  kidneys  of 
this  patient  have  lost  their  normal  elasticity.  Whether  this  loss  rep- 
resents the  forerunner  of  an  actual  impairment  of  renal  function 
must  be  left  for  further  investigation  to  determine. 

DISCUSSION. 

The  experimental  facts  presented  demonstrate  that  the  occurrence 
of  a  relatively  increased  concentration  of  urea  in  the  blood  follows  the 
increased  resistance  with  which  diseased  kidneys  oppose  the  passage 
of  urea .  When ,  as  the  result  of  feeding  an  increased  amount  of  nitrogen , 
the  concentration  of  urea  in  the  blood  rises,  a  parallel  increase  in  the 
rate  of  excretion  of  urea  occurs.  When  a  point  is  reached  at  which  the 
rate  of  urea  excretion  is  kept  equal  to  the  rate  of  formation  by  the 
organism,  the  level  of  urea  in  the  blood  ceases  to  rise  and  the  organism 
remains  in  nitrogen  equilibrium.  But  when  the  nitrogen  intake  in 
this  individual  is  diminished,  urea  is  excreted  for  a  time  more  rapidly 
than  it  is  formed,  until  the  level  of  urea  in  the  blood  falls  and  reaches 
a  point  such  that  the  rate  of  urea  excretion  is  again  equal  to  the  rate 
of  urea  formation,  and  the  organism  is  once  more  in  nitrogen  equi- 
librium. The  experiments  illustrate  the  events  occurring  in  the  so 
called  retention  of  urea. 

Fluctuation  in  the  level  of  urea  in  the  blood  thus  occurs  in  abnor- 
mal individuals  in  exactly  the  same  way  in  which  it  occurs  in  normal 
individuals.  The  mechanism  of  excretion  remains  the  same,  but  on 
account  of  the  increased  resistance  with  which  the  kidneys  oppose 
the  passage  of  urea  the  rate  of  urea  excretion  becomes  relatively  less 
rapid  than  in  the  case  of  normal  individuals,  and  the  level  of  urea  in 
the  blood  becomes  relatively  higher.  It  is  the  rate  of  urea  excretion, 
relative  to  the  other  conditions  found  and  relative  to  the  usual  nor- 
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malj^rate,  that  the  index  of  urea  excretion,  based  on  Ambard's  laws, 
expresses  in  numerical  form. 

As  has  been  shown,  the  index  of  urea  excretion  may  vary  within 
wide  limits  in  normal  persons.  These  limits  may  be  known  as  the 
limits  of  normality,  and  their  extremes  usually  lie  between  80  and 
200.  Fluctuations  to  this  extent  must,  we  think,  be  emphasized  as 
well  as  the  degree  of  constancy  on  which  insistence  has  until  now 
been  placed,  and  which  originally  supplied  the  evidence  on  which 
the  laws  of  Ambard  were  based. 

In  certain  individuals,  however,  not  fluctuation  but  extreme  con- 
stancy, to  which  we  now  apply  the  term  fixation,  is  the  rule.  Fixa- 
tion is,  in  some  cases,  too  striking  to  be  considered  as  due  to  coin- 
cidence. It  is  dwelt  upon  in  this  paper  on  account  of  the  support 
which  it  gives  to  the  laws  of  Ambard.  It  appears  now  to  be  desir- 
able to  distinguish  between  extreme  constancy  or  fixation  and  the 
relative  constancy  which  we  find  in  normal  persons.  The  relative 
constancy  of  normal  individuals  is  intended  to  include,  as  has  been 
stated,  a  certain  fluctuation  as  far  as  numerical  values  are  concerned. 
It  must  be  taken  to  include  that  degree  of  fluctuation,  almost  always 
above  the  level  of  80,  which  normal  people  often  exhibit.  Fluctua- 
tion of  this  type  has  been  found  by  all  observers  and  is  greater  than 
the  range  of  experimental  error.  The  cause  and  the  significance  of 
fluctuation  is  difficult  to  determine.  It  may  depend  either  upon  the 
influence  of  variable  factors  not  determined  as  yet,  and  therefore  not 
included  in  the  formula,  or  on  the  fact  that  the  ascertainable  values 
now  included  in  the  formula  do  not  hold  that  relation  to  each  other 
which  the  laws  imply.  The  latter  interpretation  we  hold  to  be  inad- 
missible because  there  is  a  sufficient  degree  of  constancy,  even  under 
conditions  where  fluctuation  occurs,  to  furnish  strong  evidence  of  the 
vaUdity  of  the  laws.  In  certain  abnormal  conditions  where  fixation 
has  been  shown  to  occur,  the  striking  degree  of  constancy  obtained 
must  be  interpreted  as  adding  greatly  to  this  e\'idence  already  fur- 
nished by  the  degree  of  constancy  obtained  in  normal  individuals. 
The  pathological  significance  of  this  fixation,  especially  when  it  occurs 
within  the  limits  of  normaHty,  is  not  yet  determined. 

Finally,  we  have  failed  to  note  uremic  symptoms  in  a  patient  in 
whom  the  concentration  of  urea  in  the  blood  rose,  under  experimental 
conditions,  to  2.542  gm.  per  hter. 
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CONCLUSIONS. 

1.  Urea  retention,  in  the  sense  of  a  relatively  increased  concentra- 
tion in  the  blood,  is  the  result  of  increased  resistance  to  the  excretion 
of  urea  through  the  kidneys. 

2.  The  relatively  increased  concentration  of  urea  in  the  blood  over- 
comes the  increased  resistance  to  excretion,  and  the  organism  is 
thereby  maintained  in  nitrogenous  equilibrium. 

3.  The  laws  formulated  by  Ambard  for  the  excretion  of  urea 
apply  in  the  condition  of  urea  retention  under  a  widely  varying  range 
of  conditions,  as  to  nitrogen  intake  and  excretion. 

4.  The  numerical  value  of  Ambard 's  constant  changes  in  urea 
retention,  but  the  relation  of  the  variable  factors  to  one  another 
remains  otherwise  unchanged. 

5.  In  certain  indi\aduals,  with  otherwise  normal  findings  in  regard 
to  urea  excretion,  an  unusual  degree  of  constancy,  to  which  we  have 
applied  the  term  fixation,  has  been  found  in  the  numerical  results 
obtained  by  the  appHcation  of  Ambard's  laws.  These  indi\dduals 
are  regarded,  as  the  result  of  this  study,  as  probably  abnormal,  but 
the  pathological  significance  of  the  fixation  has  not  been  determined. 
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During  an  investigation  of  the  absorption  of  drugs^  by  the  pul- 
monary air  passages  of  the  rabbit  we  observed  that  an  intratracheal 
injection  of  adrenalin,  after  a  double  vagotomy,  apparently  produced 
a  fulminant  pulmonary  edema  much  more  readily  than  when  the  vagi 
were  intact.  In  the  present  paper  we  shall  report  a  study  of  this  sub- 
ject, together  with  other  series  of  experiments,  which  finally  led  to 
the  recognition  of  a  practically  ignored  respiratory  factor  in  the  pro- 
duction of  adrenalin  pulmonar}^  edema. 

That  adrenalin  may  cause  pulmonary  edema  in  the  normal  rabbit  was  noted 
early  in  the  experimental  investigation  of  this  substance.  Bouchard  and  Claude" 
in  1902  observed  pulmonary  edema  and  death  in  the  normal  rabbit  after  the 
intravenous  injection  of  adrenaUn,  an  observation  abundantly  corroborated. 
Ptdmonary  edema  in  the  rabbit  may  also  be  obtained  when  the  adrenalin  is  in- 
jected subcutaneously,  though  tremendous  doses  are  then  necessary;  thus  Bat- 
telli  and  Taramasio^  produced  this  effect  with  the  subcutaneous  injection  of  10 
mg.  of  adrenalin  per  kilo. 

The  facilitating  action  of  vagus  section  upon  the  occurrence  of 
adrenalin  pulmonary  edema  in  the  rabbit  has  not  to  our  knowledge 
been  observed  before.  In  artificially  induced  hydremic  plethora, 
however,  the  vagi,  according  to  Kraus,^  play  in  this  respect  a  decisive 
part. 

1  Auer,  J.,  and  Gates,  F.  L.,  /.  Exp.  Med.,  1916,  xxiii,  757. 

2  Bouchard,  C,  and  Claude,  H.,  Compt.  rend.  Acad.,  1902,  cxxv,  928. 
^Battelli,  F.,  and  Taramasio,  P.,  Compt.  rend.  Soc.  biol.,  1902,  liv,  815. 
^Kraus,  F.,  Z.  exp.  Path.  u.  Therap.,  1913,  xiv,  402. 

201 


202  ADRENALIN  PULMONARY  EDEMA 

EXPERIMENTAL. 

Methods. 

Rabbits  only  were  used  in  this  investigation.  The  animals  were  placed  on 
an  electric  warming  pad  and  ether  anesthesia  was  employed  for  operative  pro- 
cedures. A  wide  glass  tube  about  2  cm.  long  was  tied  into  the  trachea.  When 
blood  pressure  was  recorded  the  right  carotid  artery  was  connected  to  the  mer- 
cury manometer  by  tubing  filled  with  half  saturated  sodium  sulfate.  When  the 
lungs  and  heart  were  inspected  the  sternum  was  split  longitudinally;  usually 
both  pleural  sacs  were  opened.  Intratracheal  insuflflation  was  then  started  so 
that  the  lungs  were  always  moderately  distended.  The  vagi,  when  sectioned, 
were  divided  in  the  neck. 

The  adrenalin  employed  was  the  ordinary  commercial  product  obtained  in 
the  market,  and  was  slowly  injected  by  syringe  through  the  tracheal  tube.  The 
dose  was  usually  0.25  cc.  per  kilo  of  body  weight;  occasionally  more  or  less  was 
used. 

When  atropine  was  administered,  this  drug  was  usually  injected  intratracheally ; 
in  a  few  instances  the  atropine  was  injected  intramuscularly. 

As  criteria  for  the  presence  of  pulmonary  edema  we  utilized  the  appearance  of 
foam  in  the  trachea  and  the  autopsy  findings.  As  a  rule,  the  medulla  was  punc- 
tured in  the  survivors  30  minutes  after  the  injection;  in  some  instances  1  to  3 
hours  were  allowed  to  elapse. 

Although  the  appearance  of  the  typical  tracheal  foam  is  positive  proof  of  the 
existence  of  pulmonary  edema,  yet  its  absence  by  no  means  indicates  the  ab- 
sence of  pulmonary  edema.  Rales  may  be  audible  to  the  unaided  ear  and  easily 
felt  by  the  fingers  and  yet  the  trachea  may  remain  perfectly  clear  of  foam.  This 
happens  especially  when  the  injected  animals  do  not  struggle;  there  is  then  no 
mechanical  compression  of  the  lungs  and  the  foam  and  fluid  remain  in  the  lower 
air  passages.  For  this  reason  we  killed  the  surviving  animals  after  a  period  of 
time  by  medullary  puncture  and  at  once  examined  the  lungs. 

Several  series  of  experiments  were  carried  out.  In  the  first  series 
both  vagi  were  di\'ided  and  after  not  less  than  10  minutes  the  adrenalin 
was  injected.  The  controls  for  this  series  were  normal  animals  with 
intact  vagi,  but  in  many  of  them  the  adrenalin  was  injected  repeatedly, 
thus  rendering  the  control  test  especially  severe. 

In  another  series  with  di\'ided  vagi,  the  behavior  of  the  heart  was 
examined  by  inspection,  the  sternum  being  split  lengthwise  and  the 
pericardial  sac  opened.  Artificial  respiration  was  instituted  before 
the  lungs  were  exposed.  The  adrenalin  was  always  administered 
repeatedly.     In  a  subsidiary  series  artificial  respiration,  with  and 
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without  ether,  was  given  to  rabbits  with  chests  intact  but  with 
vagi  divided. 

In  still  another  series  the  vagi  were  again  divided,  but  atropine 
was  administered  before  the  injection  of  adrenalin. 

In  a  final  series  the  effect  of  tracheal  stenosis  upon  the  production 
of  pulmonary  edema  in  normal  rabbits  (vagi  intact)  was  tested. 

Results  in  Series  with  Divided  Vagi. 

The  vagi  were  divided  before  the  adrenahn  was  injected.  The  aver- 
age dose  was  0.25  cc.  per  kilo,  and  as  a  rule  only  one  injection  was 
given.  The  following  protocol  will  give  a  clear  picture  of  a  typical 
experiment. 

Rabbit  1. — Gray  male;  weight  1,740  gm. 

10.45.     On  electric  pad  at  medium. 

10.58.     Start  ether. 

11.02.  Operation  completed;  both  vagi  divided,  cannula  in  trachea.  Stop 
ether. 

11.08.  Respiration  rapid,  easy.  No  inspiratory  stoppage.  Heart  moderately 
rapid,  regular,  good  strength. 

11.10.     Change  pad  to  low. 

+  11.12.     0.52  cc.  adrenalin  into  trachea  (0.3  cc.  per  kilo) ;  no  loss. 

11.13.     Respiration  more  shallow  and  more  rapid. 

11. 13?.  Respiration  slowed,  deeper,  with  retraction  of  costal  margin;  respi- 
ration stopped. 

11.14|.  Respiration  starts,  slow,  deep,  with  retraction  of  costal  margins. 
Heart  very  rapid,  apparently  regular,  good  strength. 

11.15.  Struggle;  pink  foam  in  tracheal  tube. 
11.15j.     Pink  foam  pouring  from  tracheal  tube. 

11.16.  Struggle,  marked  outflow  of  pink  foam.  Heart  apparently  regular, 
rapid  (palpation). 

11.17.  Respiration  rapid;  strong  retraction  of  costal  margin. 

11.18.  Convulsive  struggles;  pink  foam  and  fluid  pouring  from  tracheal 
tube.    No  heart  palpable.    Occasional  gasp.     Pupils  wide. 

11.19.  No  respiration.     No  heart  palpable. 

Autopsy  at  once.  No  excess  fluid  in  peritoneal  cavity.  Well  marked  peri- 
stalsis of  small  gut  and  cecum;  cecum  full  of  gas.  Spleen  and  liver  congested. 
Kidneys  apparently  normal.  No  hemorrhages  in  diaphragm.  Lungs  do  not 
coUapse.  Heart  large,  fills  entire  pericardial  sac.  Auricles  and  ventricles  di- 
lated. Heart  flabby,  large,  with  no  hemorrhages  on  pericardial  or  endocardial 
surfaces.     No  clot  in  pulmonary  artery  or  aorta.     Lung  and  trachea  excised; 
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lungs  large,  erect,  heavy,  surfaces  covered  with  many  small  hemorrhages,  often 
confluent.  Lower  lobes  show  most  hemorrhages;  bluish  I)lack-red  color; 
upper  lobes  pink.  In  trachea  pink  foam  and  white  foam,  alternately  in  layers. 
On  section,  lower  lobes  extremely  juicy,  like  a  wet  sponge;  not  much  air,  chiefly 
red  fluid  with  some  foam.  Upper  lobes  contain  a  large  amount  of  white  foam, 
not  much  fluid;  not  heavy  like  lower  lobes  (Fig.  2). 

Of  27  rabbits  whose  vagi  had  been  divided,  21  showed  on  autopsy 
a  marked  puhnonary  edema  of  the  general  type  described  in  the 
preceding  protocol.  14  died  within  20  minutes  of  the  single  intra- 
tracheal injection  of  adrenaUn,  and  of  these  10  died  within  10  min- 
utes, showing  the  general  s}Tnptoms  noted  above.  In  only  6  did  the 
autopsy  show  sHght  or  no  edema.  Thus  in  about  78  per  cent  (21 
out  of  27)  of  the  animals  a  single  intratracheal  injection  of  a  moderate 
dose  of  adrenahn  caused  a  marked  pulmonary  edema. 

Control  Series  with  Vagi  Intact. 

In  this  group  of  sixteen  animals  the  adrenalin  was  usually  injected 
repeatedly  into  the  trachea,  the  time  interval  varying  between  4  to 
20  minutes.  The  dosage  was  usually  0.25  cc.  per  kilo.  In  addition 
to  the  intratracheal  injection  a  number  of  the  rabbits  received  intra- 
muscular injections  of  adrenalin.^  This  series  therefore  forms  a 
severe  control  for  the  group  with  divided  vagi. 

The  results  are  briefly  as  follows:  None  of  the  rabbits,  in  spite  of  the 
repeated  injections,  died  within  20  minutes;  3  succumbed  after  40 
to  45  minutes.  The  sur\'i^'ors  (13)  were  either  killed  by  medullary 
puncture  15  to  60  minutes  after  the  first  dose  of  adrenalin  or  w^re 
etherized  after  15  minutes  and  the  heart  was  clamped  off.  Autopsy  re- 
\'caled  in  no  instance  a  pulmonary  edema  of  the  degree  which  was  found 
in  the  series  with  divided  vagi.  Pulmonary  edema,  however,  was  pres- 
ent to  some  degree  in  the  lungs  of  most  of  the  animals;  in  6  rabbits 
the  edema  was  moderate,  in  the  remaining  6  it  was  slight;  one  autopsy 
record  was  lost. 

A  comparison  of  the  two  series  shows  clearly  that  the  intratracheal 
injection  of  adrenahn  exerts  a  much  severer  effect  in  vagotomized 

*  Specimen  protocols  in  tabular  form  will  be  found  in  our  previous  article, 
Auer  and  Gales,'  pp.  760-761. 
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than  in  normal  animals.  Thus  14  out  of  21  vagotomized  animals  died 
acutely  in  20  minutes  after  a  single  intratracheal  injection  of  about 
0.25  cc.  of  adrenalin  per  kilo,  while  only  3  out  of  16  normal  animals 
succumbed  witliin  40  minutes,  although  the  normal  animals  received 
the  adrenalin  repeatedly.  In  addition  it  must  be  emphasized  that 
the  degree  of  pulmonary  edema  was  much  greater  in  the  vagotomized 
series  than  in  the  control  series  whose  vagi  were  intact. 

Behavior  of  the  Heart. — In  a  number  of  experiments  where  the  blood 
pressure  was  recorded,  it  was  observed  repeatedly  that  the  blood 
pressure  at  one  time  or  another  after  the  adrenalin  injection  showed 
sudden,  profound  drops  varying  in  duration  from  10  seconds  to  3 
minutes  associated  usually  with  convulsions  after  the  low  pressure 
level  had  been  attained.  Foam  in  the  trachea  was  noted  in  some 
cases,  especially  those  in  which  the  low  pressure  level  was  maintained 
for  some  time.  In  Fig.  1,  for  example,  foam  first  appeared  in  the 
trachea  after  the  second  series  of  convulsions  following  the  second 
abrupt  drop  of  blood  pressure. 

These  abrupt  drops  of  blood  pressure  were  obtained  not  only  in 
animals  with  intact  vagi,  but  also  in  those  whose  vagi  had  been 
sectioned.  The  cause  of  these  drops  was  therefore  peripheral  and 
probably  located  in  the  heart  itself.  In  order  to  gain  information  on 
this  point  the  heart  was  exposed  in  a  series  of  seven  etherized  ani- 
mals by  splitting  the  sternum  and  opening  the  pericardial  sac.  Usu- 
ally both  pleural  sacs  were  also  opened,  the  respiration  being  main- 
tained by  intratracheal  insufflation.  In  all  except  one  animal  the 
vagi  were  severed.  A  specimen  protocol  wiW  illustrate  the  observa- 
tions made  and  their  time  relations. 

Rabbit  2. — Gray  female;  weight  1,885  gm. 

10.20.     On  pad  at  low.     Ether. 

10.46.  Operation  finished:  both  vagi  divided;  cannula  in  trachea;  chest  split 
longitudinally  to  expose  heart.  Insufflation  of  air-ether  with  remissions;  air 
catheter  through  tracheal  cannula. 

Change  pad  to  medium.  Heart  beats  regular,  rapid  after  opening  peri- 
cardium. Both  pleural  cavities  open;  lungs  pink,  good  distension;  spontaneous 
respiration  present. 

-H  10.50.  0.47  cc.  of  adrenahn  into  tracheal  cannula  (air  catheter  temporarily 
withdrawn),  0.25  cc.  per  kilo. 
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10.51.  Left  ventricle  beats  half  as  fast  as  right  ventricle,  right  auricle,  and 
left  auricle.    Left  ventricular  contractions  weaker  than  those  of  right. 

10.54.  Both  ventricles  beat  synchronously,  following  auricles;  left  ventricle 
stronger  beat  than  before.     No  foam  in  trachea. 

11.01.     Chambers  beat  synchronously;  good  strength. 

+  11.035.    0.47  cc.  of  adrenalin,  into  trachea. 

11.04.  Left  ventricle  half  as  fa'st  as  right  ventricle;  left  auricle  very  large 
now;  both  auricles  and  right  ventricle  beat  at  same  rate;  left  ventricle  at  half 
that  rate  and  contractions  weak. 

11.06.    As  before,  but  left  ventricle  beats  more  strongly. 

11.06^.     Left  ventricle  shows  strong  and  weak  beat  alternately. 

11.08.  Left  ventricle  now  beats  at  same  rate  as  right  ventricle;  left  auricle 
much  smaller  now. 

Animal  killed  by  clamping  the  heart.  On  excising  the  lungs,  the  right  side  is 
large,  full,  rounded,  with  no  emphysematous  blebs  on  surfaces;  the  left  side  col- 
lapses fully.  Right  lung  shows  a  good  amount  of  foam  in  the  alveoli  and  large 
bronchi;  the  left  lung  exhibits  only  slight  edema.  The  surfaces  show  a  moderate 
number  of  pin-point  hemorrhages.  Heart  beats  vigorously  after  excision;  there 
are  numerous  hemorrhages  over  the  left  and  right  ventricles.  Left  auricle  shows 
extensive  hemorrhage  on  inner  surface.  Right  ventricular  endocardium  shows 
a  fair  number  of  hemorrhages,  only  a  few  in  left  ventricle.  Heart  swiftly  passes 
into  rigor. 

The  protocol  given  above  does  not,  however,  show  all  the  gross 
changes  which  may  be  observed  in  a  series  of  experiments  by  inspec- 
tion of  the  heart.  The  change  of  the  left  ventricular  rate  to  half  of 
that  of  the  right  ventricle  is  usually  preceded  by  a  stage  in  which 
the  left  ventricle  shows  an^  alternation  of  a  weak  and  a  strong  beat. 
Then  the  weak  beat  becomes  no  longer  detectable  to  the  eye  and 
the  left  ventricle  apparently  beats  at  half  the  right  ventricular  rate. 
The  left  auricle  usually  beats  at  the  same  rate  as  the  right  half  of 
the  heart,  but  in  one  instance  its  rate  was  that  of  the  left  ventricle* 
the  right  half  of  the  heart  thus  contracted  twice  to  one  contraction 
of  the  left  half.  This  alteration  in  the  functional  activity  of  the  left 
ventricle  was  noted  in  six  of  the  seven  experiments.  The  duration 
varied  from  a  few  seconds  to  3  minutes. 

In  a  few  instances  the  entire  heart  stopped  for  the  length  of  a  beat 
or  two,  which  accounts  for  the  abrupt  blood  pressure  drops  men- 
tioned previously.  The  dilatation  of  the  left  auricle  was  often  tre- 
mendous, and  made  this  structure  look  like  a  bright  red  bUster. 
This  dilatation  is  not  dependent  upon  section  of  the  vagi,  for  a  sim- 
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ilar  large  dilatation  of  the  left  auricle  with  marked  swelhng  of  the 
aorta  and  pulmonary  artery  was  also  noted  in  the  single  experiment 
of  this  series  in  which  the  vagi  were  intact. 

The  pulmonary  artery  may  dilate  tremendously  after  the  intra- 
tracheal injection  of  adrenalin;  the  dilatation  develops  shortly  after 
the  injection  and  may  last  7  minutes.  This  dilatation  is  just  as 
marked  during  diastole  of  the  right  ventricle  as  during  its  systole. 
Dilatation  of  the  pulmonary  artery  was  noted  in  three  experiments, 
not  looked  for  in  three,  and  not  seen,  though  sought  for,  in  one 
experiment. 

The  aorta  dilated  markedly  shortly  after  the  adrenalin  injection 
in  five  experiments  and  its  condition  was  not  observed  in  two. 

In  two  experiments  the  adrenalin  seemed  to  exert  a  locally  inhibiting  effect 
upon  the  muscle  of  the  ventricle.  In  one  instance  the  upper  half  only  of  the  right 
ventricle  contracted  during  systole,  the  lower  half  dilating.  In  this  experiment 
the  state  of  the  aorta  and  pulmonary  arteries  unfortunately  was  not  observed, 
but  the  left  auricle  dilated  enormously  and  the  left  ventricle  showed  the  changes 
in  beat  already  described. 

In  the  second  instance  the  musculature  of  the  left  ventricle  was  affected  lo- 
cally, and  with  each  systole  a  prominent  though  small,  bright  red  bulging  ap- 
peared near  the  apex.  In  this  animal  the  aorta  and  left  auricle  were  strongly 
dilated;  the  left  ventricle  showed  the  changes  in  character  and  rate  of  beat 
described  previously;  the  pulmonary  artery  was  not  observed.  The  pulmonary 
edema  obtained  in  this  animal  was  only  slight. 

In  this  series  of  experiments  with  double  vagotomy  and  exposure 
of  the  heart  under  artificial  respiration  none  of  the  animals  died 
acutely,  but  all  were  killed  after  at  least  20  minutes  had  elapsed,  by 
clamping  the  heart  or  by  medullary  puncture.  Moreover,  the  pul- 
monary edema  observed  in  the  excised  lungs  was  only  slight  in  four, 
and  fair  to  moderate  in  the  other  three  experiments. 

In  these  experiments  the  right  auricle  and  right  ventricle  showed 
no  marked  dilatation  at  any  time,  nor  was  any  dilatation  of  the  left 
ventricle  observed  which  could  account  for  the  swelhng  of  the  left 
auricle  by  regurgitation  through  the  mitral  valves.  On  the  contrary, 
the  left  ventricle  was  in  a  state  of  greater  tone  with  small  systohc 
and  diastoHc  excursions,  so  that  the  distension  of  the  left  auricle 
was  caused  by  the  inability  of  this  chamber  to  empty  all  the  blood 
it  received  from  the  lungs  into  the  tonically  contracted  left  ventricle. 
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Although  these  experiments  yielded  interesting  information  con- 
cerning the  activity  of  the  heart  after  the  repeated  administration  of 
adrenalin  in  vagotomized  animals,  the  main  result  is  the  suggestive 
absence  of  any  considerable  pulmonary  edema.  This  is  the  more 
interesting  because  all  the  conditions  apparently  favored  the  pro- 
duction of  puhnonary  edema:  pressure  in  the  pulmonary  veins  was 
surely  raised  because  the  dilatation  of  the  left  auricle  shows  that  it 
received  more  blood  than  it  could  handle,  so  that  back  pressure 
resulted;  the  pressure  in  the  pulmonary  artery  was  also  raised  as 
shown  by  its  dilatation;  and  still  further  proof  of  increased  pressure 
in  the  pulmonary  circulation  is  furnished  by  the  development  of 
hemorrhages  during  inspection  of  the  lung. 

As  these  experiments  were  necessarily  carried  out  under  artificial 
respiration,  a  small  series  of  tests  was  made  to  study  the  effect  of 
artificial  respiration  upon  the  production  of  pulmonary  edema  when 
the  chest  was  intact.  Four  rabbits  were  utiUzed;  their  vagi  were 
di\ided  and  intratracheal  insufflation  started  with  air-ether  in  various 
proportions;  in  one  animal  air  only  was  given  after  the  operation  had 
been  completed.  The  adrenahn  dose  was  0.25  cc.  per  kilo  intra- 
tracheally,  administered  once.  In  this  series  one  animal  died  17  min- 
utes after  the  injection  without  any  convulsions  or  foam  in  the  trachea. 
Death  was  due  to  too  much  ether;  autopsy  showed  pregnancy  and 
only  a  slight  degree  of  pulmonary  edema.  The  other  three  ani- 
mals were  killed  by  medullary^  puncture  25  minutes  after  the  adrena- 
lin was  injected,  and  the  lungs  were  examined  at  once.  None  of  them 
showed  a  marked  degree  of  puhnonary  edema,  but  some  was  present 
in  all,  especially  in  the  lower  lobes. 

These  results  thus  indicate  that  artificial  respiration  has  a  restrain- 
ing effect  upon  the  formation  of  pulmonary  edema,  and  corroborate 
a  similar  observation  made  by  Emerson. «  How  this  protection  is 
possibly  exerted  will  be  discussed  later. 

Tracheal   Stenosis. 

In  another  set  of  experiments  the  effect  of  an  inspiratory  decrease 
of  pressure  in  the  lung  alveoU  upon  the  production  of  pulmonary 

« Emerson,  H.,  Arch.  Int.  Med.,  1909,  ill,  368. 
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edema  in  animals  with  vagi  intact  was  tested.  This  was  accom- 
plished by  compressing  the  trachea  with  a  clamp.  The  air  now 
entered  so  slowly  during  inspiration  that  a  rarefaction  of  the  intra- 
pulmonic  air  occurred,  as  was  evidenced  by  the  sinking  in  of  the 
costal  margins  and  of  the  lower  part  of  the  sternum.  The  lung 
alveoli  thus  must  exert  some  suction  during  inspiration  upon  the 
capillaries  in  their  walls,  and  this  should  aid  in  the  production  of  an 
adrenalin  pulmonary  edema  in  normal  rabbits  (vagi  intact). 

Fifteen  experiments  were  made,  of  which  ten  were  controls.  The 
adrenalin  animals  received  0.3  cc.  of  adrenalin  per  kilo  intratrache- 
ally;  after  about  2  minutes  the  trachea  was  stenosed.  About  15 
minutes  after  the  injection  the  animals  were  killed  and  the  lungs 
examined  at  once. 

In  5  rabbits  where  adrenalin  had  been  injected  intratracheally  and 
the  trachea  stenosed,  4  exhibited  a  good  or  well  marked  pulmonary 
edema;  in  1  the  edenia  was  slight.  The  edema,  however,  was  never 
as  great  as  that  seen  in  vagotomized  animals. 

In  5  controls,  adrenahn  was  injected  in  the  same  dosage,  but  the 
trachea  was  merely  exposed,  but  not  constricted.  4  of  these  rabbits 
showed  slight  or  no  edema,  but  the  fifth  exhibited  a  well  marked 
pulmonary  edema.  This  latter  animal,  however,  was  abnormal,  for 
both  peritoneal  and  pleural  cavities  contained  a  large  amount  of 
clear  straw-colored  fluid. 

In  the  second  set  of  controls  no  adrenalin  was  injected  but  the 
trachea  was  constricted  and  the  animal  killed  by  asphyxia  15  min- 
utes after  beginning  the  stenosis.  Of  these  five  animals,  all  showed 
either  slight  or  no  edema  of  the  lungs.  It  is  seen  that  stenosis  of  the 
trachea  and  final  asphyxia  do  not  suffice  in  the  normal  rabbit  to 
bring  about  pulmonary  edema. 

This  series  of  experiments  thus  shows  clearly  that  the  cupping 
action  of  the  lung  alveoli  on  the  pulmonary  capillaries  during  inspira- 
tion plays  a  part  in  the  production  of  adrenalin  pulmonary  edema. 

Distribution  of  the  Pulmonary  Edema. 

The  edema  obtained  after  vagus  section  was  not  uniform  in  its  distribution 
throughout  the  lung.  Invariably  the  lower  lobes  were  much  juicier  and  more 
hemorrhagic  than  the  middle  and  upper  lobes.     On  section  the  heavy,  lower 
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lobes  resembled  sponges  soaked  to  saturation  with  a  pink  fluid ;  squeezing  usually 
yielded  little  foam  but  much  fluid.  The  middle  and  upper  lobes  showed  chiefly 
white  foam  with  little  fluid;  occasionally,  however,  the  middle  and  upper  lobes 
also  contained  much  fluid. 

Hemorrhages  also  were  much  more  extensive  over  the  surfaces  of  the  lower 
lobes  than  over  the  upper  lobes  (Fig.  2).  The  outer  third  of  the  upper  lobes 
was  usually  free  from  hemorrhages. 

As  a  rule,  the  right  and  left  halves  of  the  lungs  were  equal  in  size,  but  in  a 
number  of  instances  the  right  side  was  appreciably  larger  than  the  left,  and  in 
some  of  these  cases  the  pulmonary  edema  was  also  greater  in  the  larger  half. 

Atropine  Series. 

This  series  of  experiments  was  undertaken  in  order  to  test  the 
•effect  of  adrenalin  after  paralysis  of  the  motor  vagus  endings.  The 
animals  were  tracheotomized,  the  vagi  divided,  and  atropine  sulfate 
was  injected  in  1  per  cent  solution  about  5  minutes  before  the  adre- 
nalin. In  some  cases  the  blood  pressure  was  recorded.  The  thorax 
was  intact,  and  no  artificial  respiration  was  given.  The  dose  of 
atropine  varied  between  1  and  2  mg.  per  kilo;  the  amount  of  adrena- 
lin was  always  0.25  cc.  per  kilo,  injected  intratracheally.  The  atro- 
pine was  injected  intramuscularly  in  the  first  three  animals  but  in 
the  remaining  seven  it  was  administered  intratracheally. 

Of  3  animals  which  received  atropine  intramuscularly,  2  died 
acutely  in  10  to  14  minutes  after  a  single  injection  of  adrenalin  show- 
ing typical  s>'mptoms  of  pulmonary  edema.  The  other  rabbit,  how- 
ever, gave  no  chnical  signs  of  pulmonary  edema  within  1  hour,  dur- 
ing which  he  received  not  one  but  three  doses  of  adrenalin,  each 
0.25  cc.  per  kilo,  at  15  to  20  minute  intervals.  Death  occurred 
after  2|  hours  and  the  lungs  exhibited  a  marked  pulmonary  edema. 
This  last  animal  received  a  larger  dose  of  atropine  than  the  two 
preceding  ones;  the  first  two  received  1  and  1.25  mg.  respectively 
per  kilo,  while  the  third  rabbit  was  injected  with  1.5  mg.  per  kilo. 

In  the  other  seven  experiments  the  atropine  was  injected  intra- 
tracheally, the  first  dose  tested  being  1.25  mg.  per  kilo.  This  amount, 
in  subsequent  tests,  was  increased  until  2  mg.  per  kilo  were  given. 
In  this  series  the  results  were  encouraging.  1  animal  showed  foam 
and  fluid  in  the  trachea,  but  was  in  fair  condition  35  minutes  after 
the  adrenalin  injection.     The  other  6  showed  no  clinical  sign  of  edema, 
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the  respiration  was  easy,  no  rales  were  palpable  or  audible,  and  no 
foam  or  fluid  was  ever  seen  during  the  30  to  40  minutes  of  observa- 
tion. All  the  animals  were  then  killed  by  medullary  puncture  and 
the  lungs  examined:  5  animals  showed  slight  or  no  edema,  1  showed 
moderate  edema,  and  1  exhibited  a  marked  degree  of  pulmonary 
edema.  This  animal  was  the  one  in  which  foam  and  fluid  issued 
from  the  trachea  15  minutes  after  the  adrenalin  injection. 

Five  control  experiments  without  atropine  were  made  with  animals 
from  the  same  lot.  Of  the  5,  2  died  within  10  minutes  and  the  re- 
maining 3  succumbed  within  20  minutes  after  the  adrenalin  injec- 
tion. The  lungs  of  all  showed  a  marked  degree  of  pulmonary  edema. 
The  differences  between  lungs  of  these  two  series  is  well  brought  out 
by  Figs.  2  and  3. 

The  following  table  summarizes  the  results  of  the  atropine  series 
and  its  controls. 

Atropine  Series.      Vagi  Divided.     All  Injections  Intratracheal. 


No.  of 

animals 

used. 

Atropine  per  kilo. 

Adren- 
alin 
per  kilo. 

Death 
in  10 
min. 

Death 
in  20 
min. 

Autopsy. 

7 

mg. 

1.25-2.00 

cc. 

0.25 

0 

0 

Slight  or  no  pulmonary  edema  in  5  ani- 
mals;  moderate  pulmonary  edema   in 
1;  marked  pulmonar}'^  edema  in  1. 

5 

None  given. 

0.25 

2 

3 

Marked  pulmonary  edema  in  all. 

The  protective  action  of  atropine  against  adrenalin  pulmonary 
edema  in  normal  animals  has  been  noted  by  Biedl.''^ 

DISCUSSION. 

In  the  previous  pages  we  have  shown  that  adrenalin  pulmonary 
edema  occurs  more  frequently,  in  a  more  severe  form,  and  after  a 
smaller  dose  in  rabbits  if  the  vagi  are  sectioned  previous  to  the  intra- 
tracheal administration  of  the  drug,  than  when  the  adrenalin  is  given 
in  the  same  way  to  rabbits  with  vagi  intact.     It  has  been  pointed 


'  Biedl,  A.,  Innere  Sekretion,  Berlin,  2nd  edition,  1913,  i,  522. 
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out  that  artificial  respiration  strongly  reduces  the  degree  of  pulmo- 
nary edema  after  adrenalin  when  the  vagi  have  been  divided,  and 
this  result  is  obtained  both  with  opened  and  intact  chests.  Data 
have  been  furnished  which  indicate  that  after  adrenalin  administered 
intratracheally  the  heart  ventricles  temporarily  deliver  unequal 
amounts  of  blood  with  each  systole,  the  right  ventricle  delivering 
more  blood  than  the  left,  shown  by  the  tremendous  dilatation  of  the 
left  auricle  and  by  the  marked  swelling  of  the  pulmonary  artery, 
which  remained  distended  during  diastole  as  well  as  systole;  it  has 
also  been  shown  that  adrenalin  produces  a  temporary  incoordination 
of  the  heart  so  that  the  left  ventricle  beats  at  one-half  the  rate  of 
the  right  auricle  and  ventricle.  Finally  we  have  demonstrated  that 
atropine  markedly  reduces  the  occurrence  of  pulmonary  edema  after 
vagus  section  and  adrenalin. 

What  bearing  do  these  facts  have  on  the  production  of  pulmonary 
edema?  Leaving  aside  for  the  moment  the  striking  adjuvant  ac- 
tion of  vagus  section  in  the  formation  of  pulmonary  edema,  it  will 
be  noted  in  the  first  place  that  the  cardiac  changes  observed  by  us 
after  the  administration  of  adrenalin  are  in  full  accord  with  the  fun- 
damental postulate  of  Welch's  theory^  for  the  production  of  a  gen- 
eral acute  pulmonary  edema.  It  will  be  remembered  that  this  is  a 
disproportion  between  the  ventricular  outputs  of  such  a  character 
that  the  left  ventricle  expels  less  blood  per  systole  than  the  right, 
thus  producing  an  acute  venous  hyperemia  of  the  lungs.  In  our 
experiments  on  rabbits  whose  hearts  were  exposed  for  inspection 
(artificial  respiration)  we  saw  this  demand  fulfilled:  shortly  after 
the  intratracheal  injection  of  adrenalin  the  pulmonary  artery  dilated 
widely  and  remained  dilated  during  each  diastole  of  the  heart;  at 
the  same  time  the  left  auricle  swelled  tremendously  and  sooner  or 
later  the  left  ventricle  showed  a  rate  which  was  only  half  that  of  the 
right  side  of  the  heart,  and  its  amplitude  of  contraction  was  small. 
These  facts  indicate  unquestionably  that  the  right  heart  is  acting 
vigorously,  that  the  arterial  and  venous  pressures  in  the  lung  are 

HVelch,  W.  H.,  Virchows  Arch.  path.  Anal.,  1878,  Ixxii,  375.  See  also  his 
later  presentation  in  S.  J.  Meltzer's  Harrington  Lectures  on  Edema,  Am.  Med., 
1904,  viii,  37  of  reprint. 
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raised,  and  finally  that  the  left  heart  is  surely  expelling  less  blood 
per  systole  than  the  right. ^ 

The  physical  conditions  for  the  production  of  pulmonary  edema 
demanded  by  Welch  are  therefore  present,  and  yet  the  pulmonary 
edema  which  we  obtained  in  this  series  with  vagi  divided,  where  the 
heart  was  exposed  under  artificial  respiration,  was  slight  and  even 
negligible  when  compared  with  the  tremendous  edema  which  re- 
sulted when  the  same  dose  of  adrenalin  was  injected  into  animals 
(vagi  divided)  whose  thorax  was  intact  and  which  were  breathing  in 
the  normal  way.  Artificial  respiration  thus  seemed  to  be  an  inhibi- 
tory factor,  a  supposition  which  was  strengthened  by  the  results  of 
another  series  of  experiments  with  chest  intact,  where  the  vagi  were 
divided  and  intratracheal  air  insufflation  with  rhythmical  rernissions 
of  the  pressure  was  given  throughout.  Here  again  no  marked  degree 
of  pulmonary  edema  was  observed  after  the  injection  of  adrenalin, 
either  clinically,  or  after  killing  the  animal  and  examining  the  lungs. 
Moreover,  there  are  statements  in  the  Hterature  which  furnish  direct 
and  indirect  evidence  regarding  the  effect  of  artificial  respiration  on 
pulmonary  edema. 

Emerson^  in  a  brief  note  reports  that  gentle  artificial  respiration,  with  or 
without  suction,  produces  an  amelioration  of  the  pulmonary  edema  in  cats, 
caused  by  the  intravenous  injection  of  massive  doses  of  adrenalin.  That  artifi- 
cial respiration  may  even  prevent  adrenalin  pulmonary  edema  in  rabbits  follows 
directly  from  a  statement  of  Miller  and  Matthews^°  that  they  were  never  able  to 
obtain  pulmonary  edema  in  a  considerable  number  of  rabbits  by  injecting  intra- 
venously 0.5  to  2  cc.  of  1: 1,000  adrenalin.  Now,  1  to  2  cc.  of  adrenalin,  intra- 
venously administered,  are  sure  to  cause  pulmonary  edema  in  a  percentage  of 
normal  animals  provided  that  the  number  tested  is  not  too  small,  and  Miller 

®  While  our  experiments  show  only  that  a  rise  of  pressure  undoubtedly  exists 
in  the  pulmonary  circulation,  it  might  be  assumed  that  it  is  due  solely  to  back 
pressure  from  the  left  auricle.  There  is,  however,  good  evidence  to  show  that 
adrenalin  contracts  the  pulmonary  blood  vessels,  and  without  entering  into  the 
question  of  pulmonary  vasomotors,  the  following  observers,  who  have  noted  a 
rise  of  pressure  in  the  pulmonary  artery  or  a  constriction  of  the  pulmonary  ves- 
sels after  adrenalin,  may  be  mentioned:  Weber,  E.,  Arch.  Physiol.,  1910,  Suppl., 
410;  1912,  383;  1914,  535.  Fuhner,  H.,  and  Starling,  E.  H.,  /.  Physiol.,  1913-14, 
xlvii,  301.    Tribe,  E.  M.,  ibid.,  1914,  xlviii,  154. 

1"  Miller,  J.  L.,  and  Matthews,  S.  A.,  /.  Physiol.,  1909,  iv,  370. 
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and  Matthews  state  that  they  used  a  "considerable  number."  But  artificial 
respiration  was  necessary  in  their  experiments  to  record  the  pressure  in  the 
pulmonary  artery,  and  in  view  of  the  statements  already  made  regarding  the  ac- 
tion of  this  procedure  on  the  production  of  pulmonary  edema,  their  failure  to 
obtain  edema  is  readily  explained.  Hallion  and  Nepper^^  also  give  as  an  impres- 
sion that  acute  pulmonary  edema  in  rabbits  after  the  intravenous  injection  of 
large  doses  of  adrenalin  occurred  apparently  less  readily  when  the  thorax  was 
open  than  when  the  chest  was  intact.  They  are  inclined  to  attribute  this  action 
to  mechanical  conditions  of  the  experiment,  circulatory  changes  in  the  lung, 
and  they  also  mention  as  a  factor  the  positive  intraalveolar  pressure  produced  by 
artificial  respiration. 

The  question  now  arises  how  artificial  respiration  reduces  or  pre- 
vents the  pulmonary  edema  called  forth  by  adrenalin  in  rabbits. 

Artificial  respiration  does  not  prevent  cardiac  changes  resulting  in 
an  acute  congestion  of  the  lungs,  for  we  have  observed,  as  described 
previously,  such  cardiac  changes  in  rabbits  when  the  chest  was  open. 
Emerson's  tentative  explanation^^  that  the  distension  of  the  limg  by 
artificial  respiration  drives  a  considerable  amount  of  blood  into  the 
left  auricle  thus  reUeving  the  pulmonary  congestion,  is  unsatisfactory- 
even  for  the  conditions  theoretically  deduced  or  experimentally 
observed  by  him,*  for  he  states  that  the  adrenalin  causes  acute  dila- 
tation of  the  left  ventricle  with  consequent  mitral  regurgitation, 
acute  congestion  of  the  lungs,  and  a  dilatation  and  failure  ot  the  right 
heart;  edema  results  due  to  the  back  pressure  from  the  left  ventricle. 
On  the  basis  of  this  conception  i1>is  impossible  for  us  to  see  how  the 
massage  of  blood  by  artificial  respiration  from  the  lung  into  an 
acutely  dilated  left  ventricle  with  incompetency  of  the  mitral  valves, 
could  reduce  the  back  pressure  which,  according  to  Emerson,  causes 
the  edema.  In  this  connection  we  may  say  that  we  did  not  observe 
any  acute  dilatation  of  the  left  ventricle  or  regurgitation  into  the 
left  auricle,  nor  have  we  seen  any  marked  dilatation  of  the  right 
ventricle  during  the  cycle  of  cardiac  changes  induced  by  adrenalin. 
The  left  ventricle  in  the  rabbit  after  adrenalin  always  seemed  in  a 
state  of  greater  tone  than  normal.  A  few  times  the  entire  heart 
apparently  stopped  for  a  few  beats  in  diastole  but  without  any  re- 
sulting marked  dilatation.     We  are  inclined  therefore  to  believe  that 

"  Hallion  and  Nepper,  J .  physiol.  el  path,  gin.,  1911,  xiii,  893. 
'-  Emerson,'  p.  370. 
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artificial  respiration  with  positive  pressure  does  not  exert  its  inhibi- 
tory action  on  pulmonary  edema  through  an  action  on  the  heart 
itself. 

There  is  a  factor,  however,  in  the  production  of  pulmonary  edema, 
which  is  abolished  by  ordinary  artificial  respiration,  that  has  received 
practically  no  consideration  so  far  as  we  know.  That  factor  is  the 
aspirating  action  of  the  lung  alveoli  under  certain  conditions  during 
inspiration.  When  the  diaphragm  descends,  the  negative  pressure 
in  the  thorax  increases,  and  air  enters  freely  into  the  alveoli  through 
the  trachea  and  bronchi.  The  air  pressure  in  the  alveoli  and  conse- 
quently upon  the  capillaries  in  the  alveolar  walls  remains  at  atmos- 
pheric level.  If,  however,  there  is  a  partial  or  even  complete  ob- 
struction in  the  bronchioles,  for  example,  by  contraction  of  the  bron- 
chial muscles,  hindering  or  preventing  the  entrance  of  air,  then  dur- 
ing each  inspiration  every  alveolus  connected  with  such  a  constricted 
bronchiole  must  act  like  a  miniature  dry  cup,  for  the  pressure  in  the 
alveoli  and  on  the  capillaries  in  their  walls  must  decrease  as  these 
elastic  chambers  expand  due  to  the  disproportion  between  intra- 
alveolar  and  intrathoracic  pressures.  If  in  addition  there  is  a  con- 
gestion in  the  pulmonary  circulation  the  passage  of  a  transudate  into 
the  alveoli  is  surely  facilitated  if  not  even  initiated  by  this  pressure 
decrease  in  the  alveoli.  Experimental  support  for  this  view  is  given 
by  the  series  of  experiments  where  adrenalin  was  injected  in  rabbits 
whose  trachea  were  stenosed. 

This  conception  that  the  lung  alveoli  may  act  like  dry  cups,  has  been  mentioned 
as  early  as  1845  by  Mendelsohn.^^  It  must  be  added,  however,  that  this  action 
of  the  pulmonary  air  cells  occupies  but  a  subsidiary  part  in  Mendelsohn's  elab- 
orate development  of  the  thesis  that  lung  hyperemia  in  general  depends  upon 
diminished  expansion  and  contraction  of  the  lungs  during  respiration.  For,  ac- 
cording to  Mendelsohn,  distension  of  the  lungs  stretches  the  pulmonary  artery  and 
its  capillaries,  increasing  their  volume  capacity  and  thus  aspirating  blood;  any 
diminution  of  the  expansion  and  contraction  diminishes  this  aspiration  and 
reduces  the  pulmonary  circulation  which  now  depends  solely  upon  the  propulsive 
power  of  the  right  ventricle,  so  that  stasis  occurs.^'* 

13  Mendelsohn,  Arch,  physiol.  Heilk.,  1845,  iv,  277. 

^*  See  also  Mendelsohn's  final  pubhcation,  Der  Mechanismus  der  Respiration 
und  Cirkulation,  oder  das  explicierte  Wesen  der  Lungenhyperamien,  Berlin, 
1845. 
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Is  there  any  evidence  that  such  a  constriction  of  the  bronchioles  occurs  after 
the  injection  of  adrenalin?  Since  the  publication  of  Kaplan's^*  observation  that 
adrenalin  relieves  bronchial  asthma,  most  of  the  investigators  describe  a  relaxa- 
tion of  the  bronchial  muscles  as  the  result  of  an  adrenalin  injection/®  yet  bron- 
chial constriction  by  the  same  substance  has  also  been  noted.  Golla  and  Symes'^^ 
with  a  new  method  of  artificial  respiration  obtained  constriction  of  the  bron- 
chioles in  decerebrate  cats  and  rabbits  after  adrenalin  unless  the  bronchioles  were 
initially  constricted  by  other  drugs,  under  which  condition  a  relaxation  was  ob- 
tained. One  of  us,  in  some  unpublished  work,  has  also  observed  oncometrically 
a  definite  decrease  in  the  amplitude  of  the  lungs  in  rabbits  after  the  intravenous 
injection  of  adrenalin,  and  it  has  already  been  stated  that  we  have  often  seen  a 
distension  of  the  excised  rabbit  lung  after  adrenalin  which  was  not  accounted  for 
by  the  degree  of  pulmonary  edema  present. 

There  is  thus  sufficient  experimental  proof  that  adrenalin  may 
cause  a  constriction  of  the  bronchial  muscles  and  it  is  evident  that 
as  soon  as  this  occurs  the  cupping  action  of  the  alveoli  during  inspira- 
tion can  take  place,  thus  aiding  the  passage  of  fluid  from  the  gorged 
capillaries  into  the  alveoli. 

On  the  basis  of  this  action  of  adrenalin,  the  protective  action  of 
artificial  respiration  may  be  explained;  the  positive  pressure  v^^hich 
artificial  respiration  produces  in  the  lung  reduces  or  overcomes  the 
bronchial  constriction  due  to  the  adrenalin  and  thus  prevents  the 
intraalveolar  pressure  from  becoming  negative  during  inspiration. 
Consequently  the  cupping  action  on  the  pulmonary  capillaries  does 
not  occur.  Thus  one  link  in  the  chain  of  conditions  which  are  more 
or  less  necessary  for  the  production  of  pulmonary  edema  is  broken, 
and  edema  is  then  produced  with  greater  difficulty  and  to  a  less 
extent. 

The  protective  action  of  atropine  against  pulmonary  edema  from 
adrenalin  after  vagus  section  may  also  be  explained  by  paralysis  of 
the  bronchomotor  endings  of  the  vagus,  and  the  consequent  inability 

16  Kaplan,  D.  M.,  Med.  News,  1905,  Ixxxvi,  871. 

i«  Januschke,  H.,  and  Pollak,  L.,  Arch.  cxp.  Path.  u.  Pharm.,  1911,  Ixvi,  206- 
214.  Trendelenburg,  P.,  ibid.,  1912,  Ixtx,  104.  Jackson,  D.  E.,  J.  Pharm.  and 
Exp.  Therap.,  1912-13,  iv,  74,  291;  1913-14,  v,  509.  Baehr,  G.,  and  Pick,  E.  P., 
Arch.  exp.  Path.  u.  Pharm.,  1913,  Ixxiv,  62,  71.  Dixon,  W.  E.,  and  Ransom,  P., 
J.  Physiol.,  1912-13,  xlv,  413. 

1^  Golla,  F.  L.,  and  Symes,  W.  L.,  J.  Pharm.  and  Exp.  Therap.,  1913-14,  v, 


JOHN  AUER  AND   FREDERICK   L.    GATES  217 

of  adrenalin  to  bring  about  constriction  of  the  bronchioles,  thus 
preventing  the  aspirating  action  of  the  alveoH.  This  is  in  accord 
with  the  prevailing  view  concerning  the  point  of  attack  of  both  atro- 
pine and  adrenalin.  It  must  be  mentioned,  however,  that  Golla  and 
Symes^^  report  that  10  mg.  of  atropine  in  a  rabbit  failed  to  reHeve 
the  bronchoconstriction  caused  by  adrenalin.  It  is  of  course  obvious 
that  atropine  may  also  affect  the  heart  or  the  lung  vessels  and 
endothelia  in  such  a  way  as  to  prevent  or  reduce  pulmonary  edema. 
But  as  we  have  no  direct  experimental  evidence  of  our  own  we  shall 
not  enter  into  a  discussion  of  these  possibilities. 

The  aspirating  action  of  the  lung  alveoH  during  coexisting  pul- 
monary congestion  also  explains  why  the  edema  is  always  greater 
in  the  lower  lobes  than  in  the  middle  and  upper  lobes.  This  is  due 
to  the  fact  that  the  negative  pressure  is  greater  in  the  lower  lobes 
than  in  the  others.  Experimental  evidence  for  this  is  furnished  by 
the  work  of  Meltzer^^  and  Meltzer  and  Auer,'°  which  indicates  that 
the  negative  pressure  in  the  chest  is  not  the  same  at  all  levels  but  is 
greatest  in  the  lower  portion  of  the  thoracic  cavity.  If  a  bronchiolar 
constriction  occurs  during  a  marked  hyperemia  of  the  lungs  it  fol- 
lows that  the  cupping  action  of  the  alveoli  during  inspiration  must 
be  most  effective  where  the  negative  pressure  variation  is  greatest, 
provided  that  the  hyperemia  and  endothelial  permeability  are  the 
same  throughout  the  lung. 

We  come  now  to  a  consideration  of  the  remarkable  accelerating 
effect  which  vagus  section  exerts  upon  the  production  of  adrenalin 
pulmonary  edema,  and  it  may  be  stated  at  once  that  we  cannot  oflfer 
a  full  analysis  because  the  experimental  test  of  the  various  possibili- 
ties is  incomplete.  It  may  be  said,  however,  that  this  difference  in 
action  is  apparently  a  quantitative  one,  for  pulmonary  edema  can 
usually  be  obtained  in  the  normal  rabbit  pro\dded  that  sufficient 
adrenahn  is  administered  without  ca^using  cardiac  death.  The  opti- 
mum state  for  the  occurrence  of  a  strong  pulmonary  edema  develops 
more  slowly  in  a  rabbit  with  vagi  intact  than  in  one  with  vagi  sec- 
tioned.    This  suggests  that  the  structure  primarily  responsible  for 

^^  Golla  and  Symes,"  p.  93. 

19  Meltzer,  S.  J.,  /.  Physiol.,  1892,  xiii,  218. 

20  Meltzer,  S.  J.,  and  Auer,  J.,  /.  Exp.  Med.,  1910,  xii,  34. 
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the  fulminant  onset  of  edema  is  the  heart.  By  vagus  section  the 
heart  is  deprived  of  important  regulating  influences,  and  incoordina- 
tion of  the  two  sides  of  the  heart  perhaps  then  results  more  readily 
under  stress;  that  such  an  incoordination  does  take  place  promptly 
when  the  vagi  are  divided  and  adrenalin  is  administered,  we  have 
already  shown.  Our  experiments  on  the  action  of  adrenalin  on  the 
fully  innervated  exposed  heart  of  the  rabbit  are  too  few  to  permit 
any  conclusion.  The  electrocardiographic  studies  on  the  action  of 
adrenahn  in  the  dog  made  by  Kahn^^  and  by  Rothberger  and  Winter- 
berg22  which  showed  no  incoordination  of  the  heart  after  the  vagi 
were  sectioned  (Kahn),  but  elicited  changes  in  the  form  of  waves 
very  similar  to  those  obtained  by  faradic  stimulation  of  the  accel- 
erators (Rothberger  and  Winterberg),  tend  to  support  our  view  be- 
cause the  dog  after  vagus  section  tolerates  large  doses  of  adrenalin 
without  developing  pulmonary  edema. 

Another  action  which  vagus  section  may  faciHtate  is  the  produc- 
tion of  bronchial  constriction  by  adrenalin.  After  vagus  section  the 
bronchial  muscles  are  relaxed  and  thus  in  the  optimum  state  for  con- 
traction as  demanded  by  GoUa  and  Symes.  The  adjuvant  action 
of  bronchial  constriction  in  the  production  of  pulmonary  edema  has 
already  been  discussed. 

Vagus  section  not  only  facilitates  the  formation  of  pulmonary 
edema  after  adrenalin,  but  it  is  an  indispensable  preliminary  for 
obtaining  pulmonary  edema  in  experimental  hydremic  plethora. 

Kraus^^  reports  that  the  infusion  of  large  quantities  of  salt  solution  in  cats  and 
rabbits  only  caused  pulmonary  edema  when  the  vagi  were  sectioned.  He 
also  observed  that  adrenalin  aided  in  the  production  of  this  edema;  that  open  or 
closed  thorax  exerted  no  influence;  and  that  atropine  did  not  prevent  this  form 
of  edema.  Kraus  assumes  tentatively  that  section  of  centripetal  vagus  fibers, 
which  govern  reflexly  the  lung  vasomotors,  causes  a  disturbance  in  the  regulation 
of  the  blood  supply  to  the  lung  leading  indirectly  to  edema. 

Although  Kraus'  experiments  and  our  own  were  carried  out  under 
widely  different  conditions  so  that  a  comparison  cannot  be  made, 

21  Kahn,  R.  H.,  Arch.  gcs.  Physiol.,  1909,  cxxix,  379. 

22  Rothberger,  J.,  and  Winterberg,  H.,  Arch.  ges.  Physiol.,  1910,  cxxxv,  531. 

23  Kraus,  F.,  Z.  exp.  Path.  u.  Therap.,  1913,  xiv,  402. 
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it  is  nevertheless  highly  suggestive  to  note  than  in  both  sets  of  experi- 
ments vagus  section  exerted  a  profound  influence.  The  nature  of 
this  influence  cannot  be  stated  with  certainty  at  the  present  time. 

In  the  preceding  pages  we  have  made  no  attempt  to  give  a  com- 
plete presentation  of  the  problem  of  pulmonary  edema  but  have 
limited  ourselves  largely  to  those  facts  which  follow  directly  from  our 
experiments.  Necessarily,  therefore,  numbers  of  factors  have  been 
touched  only  lightly  or  not  at  all  in  the  discussion. 

SUMMARY. 

The  intratracheal  injection  of  one  moderate  dose  of  adrenalin  in 
rabbits  whose  vagi  are  divided  produces  a  marked  pulmonary  edema 
in  a  large  percentage  of  cases.  The  same  dose  in  normal  animals 
causes  only  slight  effects. 

Artificial  respiration  greatly  reduces  the  production  of  pulmonary 
edema  in  vagotomized  rabbits  after  adrenalin. 

As  adrenaUn  can  exert  a  bronchoconstrictor  effect,  evidence  is 
submitted  to  show  that  the  aspirating  action  of  the  lung  alveoh 
under  this  condition  apparently  plays  an  important  part  in  the  pro- 
duction of  adrenalin  pulmonary  edema.  On  the  basis  of  this  mechan- 
ism the  protective  action  of  artificial  respiration  is  explained. 

Stenosis  of  the  trachea  facilitates  the  production  of  adrenalin 
pulmonary  edema  in  rabbits  whose  vagi  are  intact.    . 

The  intratracheal  injection  of  adrenalin  in  vagotomized  rabbits  pro- 
duces a  temporary  incoordination  between  the  heart  ventricles,  \'is- 
ible  on  inspection,  so  that  the  left  ventricle  beats  apparently  half 
as  fast  as  the  right,  causing  hyperemia  of  the  lungs  and  hemorrhages. 

Atropine  injected  intratracheally  in  vagotomized  rabbits  exerts  a 
protective  action  against  adrenalin  pulmonary  edema. 

EXPLANATION  OF  PLATES. 

Plate  14. 

Fig.  1.  Blood  pressure  record.  Rabbit  3;  black  female.  Weight  1,980  gm. 
Both  vagi  were  divided.  The  time  is  marked  in  4  second  intervals.  The  time  line 
is  also  the  zero  pressure  level.  0.5  cc.  of  adrenalin  (0.25  cc.  per  kilo)  was  injected 
into  the  tracheal  glass  cannula.     Note  the  three  abrupt  drops  in  the  blood  prcs- 
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sure  with  prompt  recovery.  The  low  level  (25  to  50  mm.  of  mercury)  was 
maintained  for  20  to  60  seconds,  and  convulsions  appeared  during  this  time. 
The  typical  foam  of  pulmonary  edema  appeared  in  the  trachea  after  the  second 
fall,  and  pink  fluid  during  the  terminal  descent  of  the  blood  pressure.  The 
terminal  fall  was  slowed  by  a  partial  clot.  These  abrupt  pressure  drops  are 
possibly  caused  by  a  complete  cardiac  stoppage  such  as  was  observed  when  the 
heart  was  exposed  for  inspection. 

Plate  15. 

Figs.  2  and  3  show  the  protective  effect  of  atropine.  In  both  rabbits  the  vagi 
were  divided  and  both  received  0.25  cc.  of  adrenalin  per  kilo  intratracheally. 
Rabbit  5,  however,  was  injected  with  1.75  mg.  of  atropine  sulfate  per  kilo  intra- 
tracheally before  the  adrenalin  was  administered. 

Fig.  2.  Rabbit  4,  adrenalin  alone.  Typical  pulmonary  edema  developed, 
with  death  in  18  minutes.  The  lungs  were  large,  heavy,  erect,  hemorrhagic, 
with  foam  and  fluid  in  the  tracheal  cannula. 

Plate  16. 

Fig.  3.  Rabbit  5,  which  received  atropine  before  the  adrenalin,  showed  no 
s3Tnptoms  of  pulmonary  edema,  and  was  killed  after  45  minutes.  The  lungs  col- 
lapsed practically  normally,  but  the  surfaces  were  peppered  with  small  hemor- 
rhages.    The  trachea  showed  no  foam  or  fluid. 
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(Auer  and  Gates:  Adrenalin  pulmonary  edema.) 
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(Auer  and  Gates:  Adrenalin  pulmonary  edema.) 


THE  EFFECTS  OF  EXPERIMENTAL  PLETHORA  ON 
BLOOD  PRODUCTION. 

By  OSWALD  H.  ROBERTSON,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  March  22,  1917.) 

Our  present  knowledge  concerning  normal  blood  production  indi- 
cates that  the  bone  marrow  functions  at  a  constant  rate  supplying 
new  red  corpuscles  to  replace  those  lost  daily  in  the  process  of  normal 
blood  destruction.  Since  an  extra  loss  of  blood  causes  greater  activity 
of  the  bone  marrow/  it  has  seemed  possible  that  were  the  constantly 
occurring  normal  loss  compensated  for  artificially  there  would  be 
no  necessity  for  the  production  of  new  cells,  and  consequently  a 
lessened  acti\'ity  of  the  bone  marrow  might  result.  In  an  attempt 
to  bring  about  this  condition,  rabbits  have  been  made  plethoric  by 
repeated  small  transfusions  of  blood  and  the  effect  of  the  procedure 
on  the  bone  marrow  has  been  observed. 

Some  work  has  already  been  done  in  this  direction.  Hess,^  with 
the  purpose  of  determining  the  effect  of  plethora  on  the  heart,  gave 
rabbits  repeated  large  transfusions.  At  the  end  of  2  months  of  pleth- 
ora the  rabbits  were  killed.  In  examining  the  bone  marrow,  he 
claimed  to  have  found  evidence  of  a  markedly  diminished  activity. 
The  erythroblasts  and  myelocytes  were  decreased  in  number,  and 
there  was  a  fibrous  hyperplasia  present.  Itami^  gives  a  more  detailed 
account  of  these  findings,  agreeing  with  Hess  in  his  conclusions. 
Boycott  and  Douglas^  carried  on  a  similar  series  of  experiments  but 
failed  entirely  to  confirm  Hess's  and  Itami's  results,  which  seem  to 
have  been  obtained  in  only  a  few  animals. 

^  The  term  "bone  marrow  activity,"  as  used  in  this  paper,  refers  only  to  the 
erythropoietic  function  of  the  marrow. 

2  Hess,  R.,  Deutsch.  Arch.  klin.  Med.,  1909,  xcv,  482. 
^  Itami,  S.,  Folia  hcematol.,  1908,  vi,  425. 

*  Boycott,  A.  E.,  and  Douglas,  C.  G.,  /.  Path,  and  Bacteriol.,  1909,  xiii,  414. 
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The  criteria  which  these  two  sets  of  investigators  used  as  e\'idence 
of  depressed  bone  marrow  activity,  that  is,  marked  histological 
changes  in  the  marrow,  may  account  to  some  extent  for  their  contra- 
dictory results,  since  the  red  marrow  of  even  normal  rabbits  varies 
much  in  its  morphology  as  indicative  of  blood  production  and  also 
in  its  distribution. 

In  the  present  work,  use  has  been  made  of  an  indicator  which 
may  be  thought  to  represent  more  nearly  the  actual  functional  vari- 
ations in  the  marrow  taken  as  a  whole ;  namely,  the  number  of  reticu- 
lated red  cells  in  the  circulating  blood.  In  addition,  the  number  of 
these  cells  in  the  bone  marrow  itself  has  been  determined.  In  nor- 
mal animals,  reticulated  red  corpuscles  are  present  in  the  blood  in 
fairly  constant  numbers.  There  is  good  evidence  that  increased 
activity  of  the  bone  marrow  is  accompanied  by  an  increase  in  the 
percentage  of  these  cells,  and  that  the  percentage  roughly  parallels 
the  degree  of  hyperf unction.^  -^  A  priori,  one  would  suppose  that  if 
the  activity  of  the  bone  marrow  were  lessened,  a  drop  in  the  reticu- 
lated cell  count  would  result. 

Method  of  Producing  Plethora. 

The  method  of  producing  the  plethora  has  already  been  described^  but  will 
be  briefly  given  here.  Rabbits  were  used.  Each  recipient  was  provided  with 
three  to  six  donors  of  the  same  hemolytic  group.  Transfusions  of  10  cc.  of  blood 
were  made  daily.  The  donors  were  used  in  rotation,  so  that  each  one  lost  at 
most  only  10  cc.  every  3  days.  In  this  way  the  production  of  any  consid- 
erable anemia  in  the  donor  rabbits  was  avoided.  In  some  of  these  rabbits,  the 
blood  loss  was  made  up  so  promptly  that  the  hemoglobin  percentage  did  not  vary 
throughout  the  period  of  the  bleedings;  in  others  it  dropped  slightly.  The  blood 
for  transfusion  was  obtained  from  the  donor  by  cardiac  aspiration  into  a  syringe 
containing  1  cc.  of  a  1  per  cent  solution  of  sodium  citrate  in  normal  salt  solution. 
This  small  amount  of  citrate,  when  well  mbced  with  10  cc.  of  blood,  was  sufficient 
to  prevent  coagulation  for  the  few  minutes  required  to  introduce  the  blood  into 
the  marginal  ear  vein  of  the  recipient.  The  recipient  rabbits  for  the  most  part 
weighed  from  1,500  to  1,800  gm.  All  were  young  rabbits.  Both  sexes  were 
employed. 

^  Lee,  R.  I.,  Minot,  G.  R.,  and  Vincent,  B.,  J.  Am.  Med.  Asstt.,  1916,  Ixvii,  719. 
« Vogel,  K.  M.,  and  McCurdy,  U.  F.,  Arch.  Int.  Med.,  1913,  xii,  707. 
^  Robertson,  O.  H.,  and  Rous,  P.,  /.  Exp.  Med.,  1917,  xxv,  665. 
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The  Sahli  hemoglobinometer  was  used  for  delermining  the  degree  of  plethora. 
The  inaccuracies  of  this  method  are  recognized,  but  dependable  readings  were 
obtained  by  diluting  for  the  color  comparison  after  the  test  mixture  had  stood 
exactly  5  minutes.  In  some  of  the  animals,  the  red  cells  were  counted  and  the 
color  index  was  estimated. 

Method  of  Counting  Reticulated  Cells. 

The  following  method  for  counting  the  reticulated  cells  was  found  to  be  prefer- 
able to  those  previously  described.  A  saturated  solution  of  brilliant  cresyl  blue 
was  made  up  in  normal  salt  solution.  This  was  kept  as  a  stock  solution.  When 
a  count  was  to  be  made,  a  small  quantity  of  it  was  diluted  80  times^  with  normal 
salt  solution  and  mixed  with  blood  in  a  pipette  for  counting  white  cells  in  the 
proportion  of  one  part  of  blood  to  twenty  parts  of  cresyl  blue  solution.  The  mix- 
ture was  shaken  in  the  pipette  for  5  minutes.  The  cells  were  thus  equally  dis- 
tributed as  well  as  stained.  They  were  counted  at  once  in  fresh  preparations, 
which  were  sealed  with  vaseline  to  prevent  disturbances  due  to  drying.  At 
least  1,000  red  cells  were  coimted  at  each  test.  When  the  mmiber  of  reticulated 
cells  was  less  than  1  in  1,000,  10,000  red  cells  were  counted.  In  the  latter  case, 
only  the  first  1,000  were  coimted  individually,  the  field  being  the  unit  of  count 
for  the  remaining  9,000. 

For  several  days  before  transfusions  were  begun,  the  number  of 
reticulated  cells  was  determined  daily  in  those  rabbits  destined  to 
be  recipients. 

In  a  large  number  of  normal  rabbits  examined,  the  reticulated 
cells  were  found  to  vary  for  the  most  part  between  10  and  20  per 
1,000  er>i;hrocytes.  Rarely  they  were  as  many  as  30  or  fewer  than 
5  per  1,000.  Only  two  animals  showed  less  than  5  per  1,000,  one 
ha\dng  a  count  of  3  and  the  other  of  4.  The  variation  in  the 
individual  from  day  to  day  may  be  sHght  or,  relatively  speaking, 
considerable. 

^  Since  doing  this  work,  a  second  saturated  solution  of  cresyl  blue  has  been 
made  up,  using  a  different  stock  of  the  dye,  which  went  into  solution  to  a  consid- 
erably greater  extent  than  the  first.  The  result  was  that  a  1:80  dilution  of  this 
saturated  solution  was  much  too  strong  a  staining  fluid.  It  was  foimd  neces- 
sary to  dUute  to  180  for  satisfactory  staining.  It  is  apparent,  therefore,  that 
each  saturated  solution  of  cresyl  blue  has  to  be  tested  beforehand  for  its  optimum 
staining  dilution.     This  is  a  very  simple  matter  and  needs  to  be  done  only  once. 
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Production  of  Plethora. 

Sixteen  rabbits  were  rendered  plethoric  by  the  method  described. 
The  rate  at  which  the  hemoglobin  per  cent  increased  in  different  ani- 
mals varied  considerably.  In  some  it  rose  rapidly.  In  others  it 
increased  slowly.  The  degree  of  plethora  ultimately  attained  like- 
wise varied  much.  An  amount  of  blood  which  in  one  animal  resulted 
in  a  rise  of  fifty  points  in  the  hemoglobin  percent,  produced  in  another 
individual  of  the  same  size  a  rise  of  only  thirty  points.  For  this 
reason  some  of  the  animals  were  transfused  more  often  than  others. 
Even  so  it  was  often  found  impossible  to  force  up  the  hemoglobin 
per  cent  in  these  refractory  individuals  to  a  height  easily  reached  in 
other  animals.  The  shortest  period  of  transfusion  was  9  days, 
during  which  the  animal  was  given  seven  transfusions;  the  longest, 
20  days  with  nineteen  transfusions.  As  a  rule,  the  hemoglobin  per 
cent  rose  from  a  normal  of  80  to  90  per  cent  to  140  to  150  per  cent,  at 
which  point  it  remained  fairly  constant  despite  the  continued  intro- 
duction of  blood. 

No  notable  change  in  the  percentage  of  reticulated  cells  occurred 
until  after  several  transfusions.  Then,  as  plethora  became  well 
defined,  the  number  of  reticulated  cells  in  the  circulating  blood 
began  to  diminish  (Text-figs.  1  and  2).  This  decrease  in  number 
was  sometimes  rapid  and  soon  became  marked.  Often  the  reticu- 
lated cells  practically  disappeared.  Counts  below  1  in  10,000  were 
frequent  (Text-fig.  1),  and  sometimes  a  search  through  a  whole  slide 
would  reveal  none.  The  charts  of  Text-figs.  1  and  2  will  illustrate 
the  change  that  occurred  in  eight  of  the  sixteen  recipients.  In  five 
others,  the  drop  in  reticulated  cells  was  less  marked,  though  definite. 
They  decreased  to  about  1  in  1,000.  The  degree  of  plethora  was 
fully  as  great  in  these  animals  as  in  the  afore  mentioned  ones,  and  no 
reason  has  been  found  for  the  differences  observed. 

Anomalous  results  were  obtained  in  three  rabbits.  One  showed 
only  a  slight  drop  in  the  reticulated  red  cells  (Text-fig.  3).  In  the 
remaining  two,  these  cells  failed  to  decrease  at  all.  One  had  a  puru- 
lent pneumonia,  with  some  anemia,  despite  the  transfusions.  The 
other  developed  an  increased  number  of  reticulated  cells  for  which 
no  cause  was  ever  found. 
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Reticulated  cells. 
Hemoglobin. 
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It  is  evident  from  these  results  that  a  diminution  in  the  number 
of  reticulated  cells  in  the  circulation  follows  almost  constantly  the 
production  of  an  artificial  plethora.  A  possible  influence  of  sodium 
citrate  in  causing  this  change  has  been  ruled  out  by  observations  in 
five  rabbits  which  received  daily  injections  of  sodium  citrate  alone, 
in  some  cases  twice  as  much  being  given  as  in  the  rabbits  made  ple- 
thoric. The  number  of  reticulated  cells  did  not  decrease  in  these 
animals. 

Examination  of  the  Bone  Marrow. 

The  bone  marrow  from  five  of  the  eight  rabbits  in  which  the  reticu- 
lated cells  dropped  markedly  was  examined  for  its  content  of  these 
cells.     The  following  procedure  was  employed. 

Red  marrow  from  the  upper  and  lower  ends  of  the  femur  was  taken  into  a  mix- 
ture of  equal  parts  of  Locke's  solution  containing  \  per  cent  of  gelatin  and  an  iso- 
tonic watery  solution  of  sodium  citrate.  In  this  mixture  clotting  does  not  occur, 
and  even  the  most  delicate  cells  are  well  preserved.  The  gross  appearance  of 
the  marrow  was  normal  except  for  a  congestion  such  as  was  present  in  all  the 
other  organs.  A  small  portion  of  it  was  teased  on  a  slide  in  a  drop  of  the  Locke's- 
citrate  mixture  and  a  count  made  at  once  from  the  preparation.  Then,  with  a 
view  to  washing  out  the  cells  of  the  marrow,  the  needle  of  a  syringe  was  thrust 
into  it  here  and  there,  and  gelatin-Locke's  solution  injected  under  considerable 
pressure.  In  this  way  a  large  part  of  the  substance  of  the  marrow  was  washed 
out.  The  washings  were  then  centrifuged  and  counts  made  on  the  sedimented 
cells  according  to  the  technique  used  for  the  peripheral  blood.  To  obtain  a 
figure  for  purposes  of  comparison,  an  average  was  taken  from  the  counts  on  the 
teased  specimen  and  the  washings. 

The  average  number  of  reticulated  cells  in  the  bone  marrow  of  the 
five  plethoric  animals  was  14  per  1,000  red  cells,  the  highest  number 
22  and  the  lowest  5  per  1,000.  In  striking  contrast  are  the  figures 
obtained  in  the  examination  of  five  normal  rabbits.  These  showed 
an  average  of  320  per  1,000  red  cells,  the  highest  540  and  the  lowest 
160  per  1,000. 

Anemia  Following  Plethora. 

In  certain  of  the  plethoric  rabbits  there  occurred,  after  many  trans- 
fusions, a  sudden  marked  drop  in  h«moglobin.  In  one  instance 
(Text-fig.  4),  despite  daily  transfusions  of  10  cc.  of  blood,  the  hemo- 
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globin  fell  in  6  days  from  150  per  cent  to  75  per  cent.  Transfusions 
were  discontinued  in  such  animals,  and  there  rapidly  ensued  a  severe 
anemia.  This  was  observed  in  three  rabbits.  Charts  of  two  of  them 
are  shown  in  Text-figs.  4  and  5.  The  cause  of  the  rapid  transition 
from  plethora  to  anemia  has  not  yet  been  determined,  but  it  is  signif- 
icant that  isoagglutinins  for  the  donors'  blood  developed  in  all  three 
rabbits  at  about  the  time  when  the  hemoglobin  first  began  to  fall. 
The  simplest  explanation  would  seem  to  be  that,  following  a  number 
of  transfusions,  a  lytic  process  develops  against  the  strange  cells, 
and  they  are  rapidly  destroyed.  This  results  not  merely  in  a  return 
of  the  hemoglobin  to  normal  but  in  an  anemia,  because  of  the  pecu- 
Har  condition  of  affairs  indicated  by  the  drop  in  reticulated  red  cells 
during  the  plethora.  During  it  the  bone  marrow  activity  sinks  far 
below  normal,  whereas  blood  destruction  is  maintained  at  the  normal 
rate  at  least.  Thus,  Httle  by  Httle,  as  the  animals'  own  cells  are 
destroyed  and  not  replaced,  the  bulk  of  the  circulating  blood  comes 
to  be  strange  blood  liable  to  destruction  when  the  lytic  principle 
develops.  The  extent  to  which  the  blood  cells  proper  to  the  recip- 
ient have  been  destroyed  and  replaced  by  alien  cells  is  suddenly  re- 
vealed through  the  destruction  of  this  alien  blood. 

The  anomalous  behavior  of  one  rabbit,  whose  chart  is  shown  in 
Text-fig.  3,  strongly  supports  this  explanation  of  the  phenomenon. 
In  this  animal  there  came  at  length  a  drop  in  the  hemoglobin, 
but  instead  of  progressing  to  an  anemia,  as  in  the  three  rabbits, 
described  above,  it  sank  to  a  point  only  slightly  below  normal. 
The  failure  of  anemia  to  develop  here  would  seem  to  be  due  to  the 
fact  that  during  the  plethora,  blood  production  had  been  maintained 
at  almost  its  normal  rate  as  indicated  by  the  lack  of  any  but  a  slight 
diminution  in  the  number  of  circulating  reticulated  cells. 

The  recovery  from  the  anemia  in  the  three  rabbits  just  mentioned 
was  exceedingly  rapid.  A  similar  rapid  recovery  was  noted  by  Muir 
and  M'Nee"  and  Itami,^"  following  experimental  hemolytic  anemias. 

^  Muir,  R.,  and  M'Nee,  J.  W.,  J.  Path,  and  Bacteriol,  1911-12,  xvi,  410. 
^"Itami,  Arch.  cxp.  Path.  u.  Pharm.,  1910,  Ixii,  104. 
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Increased  Bone  Marrow  Activity  During  Subsidence  of  the  Plethora. 

The  beginning  hemoglobin  drop  in  those  rabbits  which  developed 
an  anemia  during  or  after  transfusion  was  marked  in  each  case  by  a 
prompt  rise  in  the  number  of  reticulated  cells.  This  increase  was 
rapid,  and  in  two  cases  the  number  had  risen  above  normal  by  the 
time  the  hemoglobin  had  descended  to  its  original  level  (Text-fig.  4). 
Then,  as  the  hemoglobin  fell  further  and  anemia  developed,  the 
reticulated  cells  continued  to  increase  with  great  rapidity.  The 
largest  number  was  observed  during  the  early  period  of  regeneration- 
One  rabbit  showed  a  maximum  of  594  per  1,000  at  this  time.  They 
gradually  diminished  as  the  animal  recovered  from  the  anemia  but 
were  still  increased  when  the  hemoglobin  reached  normal  again  and 
remained  fairly  numerous  for  some  time. 

Attention  is  called  to  the  fact  that  the  number  of  reticulated  cells 
began  to  increase  soon  after  the  hemoglobin  started  to  fall  from  the 
plethora  level  and  long  before  it  had  reached  normal.  A  further 
study  of  this  phenomenon  was  considered  worth  while.  It  seemed 
not  unlikely  that  stimulation  of  the  bone  marrow  at  this  time  might 
be  brought  about  by  the  greatly  increased  quantity  of  destroyed 
blood  present.  Accordingly  an  attempt  was  made  to  determine 
this  possibihty  by  injecting  rabbits  intravenously  with  laked  blood. 
The  rabbits  were  first  rendered  anemic^^  by  bleeding,  and  the  injec- 
tions of  blood  were  made  at  different  stages  of  recovery.  Some  of 
the  rabbits  were  treated  when  very  anemic;  others  had  practically 
reached  normal  before  treatment  was  begun.  In  order  to  simulate 
as  nearly  as  possible  conditions  of  blood  destruction  occurring  in 
vivo,  the  laked  blood  was  injected  at  1  hour  or  2  hour  intervals  for 
periods  of  1  to  3  days.  Relatively  large  quantities  were  given  with- 
out apparent  ill  effect.  At  no  time  during  the  course  of  the  experi- 
ment was  any  increase  in  the  number  of  reticulated  cells  noted,  nor 
was  other  evidence  obtained  of  increased  bone  marrow  activity. 

It  was  then  found  that  simple  blood  removal  from  a  plethoric 
animal  by  bleeding  was  sufficient  to  cause  a  marked  bone  marrow 

^^  The  reason  for  producing  a  preliminary  anemia  in  these  rabbits  is  that  the 
experiment  was  performed  originally  in  an  attempt  to  explain  on  experimental 
grounds  the  cause  of  the  remission  in  pernicious  anemia. 
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stimulation.  Rabbits  were  made  plethoric  in  the  usual  way  and 
kept  in  this  condition  until  the  reticulated  cells  were  much  dimin- 
ished. They  were  then  bled  a  quantity  calculated  to  bring  their 
hemoglobin  per  cent  back  to  almost  normal.  An  immediate  rise  in 
the  number  of  reticulated  cells  resulted.  The  normal  number,  it 
will  be  recalled,  is  5  to  20  per  1,000  red  cells.  In  one  animal  treated 
as  above  described,  they  increased  to  69  per  1,000  (Text-fig.  6); 
in  another  to  80.  A  third  rabbit  showed  even  a  greater  increase,  108 
per  1,000  (Text-fig.  7),  but  unfortunately  the  hemoglobin  in  this 
case  fell  after  bleeding  to  sHghtly  below  normal.  With  a  fourth 
animal,  the  increase  was  definite,  but  less  marked.  In  Text-fig.  6 
it  will  be  noted  that  the  fall  in  hemoglobin  following  bleeding  ex- 
tended over  a  period  of  several  days,  and  that  the  reticulated  cells 
had  increased  markedly  some  time  before  the  hemoglobin  reached 
its  normal  level.  Text-fig.  7  shows  an  instance  in  which  the  drop 
in  hemoglobin  as  a  result  of  bleeding  was  later  followed  by  a  rise 
above  normal.  This  secondary  rise  in  hemoglobin  and  the  high 
reticulated  cell  count  were  maintained  for  some  days. 

Although  these  experiments  are  not  sufiiciently  complete  to  permit 
one  to  draw  definite  conclusions,  yet  the  results  would  suggest  that 
the  increased  bone  marrow  acti\ity  accompanying  the  initial  drop 
of  hemoglobin  in  the  plethoric  rabbits  is  due  to  some  functional  dis- 
turbance of  the  circulation,  resulting  from  the  rapid  removal  of  the 
plethora.  It  seems  not  improbable  that  this  may  be  a  temporary 
relative  oxygen  deficiency  explainable  on  the  basis  that  during  the 
period  of  plethora  the  organism  had  in  some  way  adapted  itself  to  a 
blood  of  greater  oxygen-carrying  power.  Certainly  the  blood  loss 
may  be  thought  of  as  having  resulted  in  a  relative  anemia. 

Color  Itidex. 

Observations  on  the  color  index  in  those  plethoric  rabbits  develop- 
ing anemia  revealed  striking  changes.  The  normal  color  index  for 
rabbits  is  0.65  to  0.75.  During  regeneration  it  was  greatly  increased, 
usually  to  1.0  or  even  to  1.08.  This  finding  is  of  interest  particularly 
in  its  relation  to  the  accompan>ing  greatly  increased  percentage  of 
reticulated  cells  in  the  blood.     It  would  indicate  that  reticulation  is 
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not  necessarily  associated  with  a  deficiency  in  the  hemoglobin  content 
of  the  cells  and  that  this  association  in  the  blood  of  secondary  anemia 
is  largely  fortuitous.  In  two  of  the  present  instances,  the  reticulated 
cells  numbered  34  per  cent  and  60  per  cent  respectively  of  the  total 
number  of  red  cells,  yet  the  color  index  was  increased  50  per  cent 
over  the  normal.  Even  allowing  for  the  somewhat  increased  size  of 
the  reticulated  cells,  it  does  not  seem  possible  that  they  contained 
less  hemoglobin  per  unit  of  cell  substance  than  the  accompanying 
more  normal  red  cells.  In  fresh  films  they  were  observed  to  be 
notably  well  colored. 

Transfused  Reticulated  Cells. 

In  the  work  as  thus  far  discussed,  a  possible  source  of  error  has 
not  been  considered;  namely,  that  of  the  reticulated  cells  introduced 
with  the  transfused  blood.  The  number  of  these  may,  and  indeed 
sometimes  must  be,  considerable,  because  the  bone  marrow  of  the 
animals  furnishing  the  blood  has  been  stimulated  by  repeated  bleed- 
ing. After  many  transfusions  one  might  expect  the  recipients  to 
show  high  counts  of  reticulated  cells.  As  a  matter  of  fact  the  reverse 
is  the  case.  What  becomes  of  the  reticulated  cells  introduced,  whether 
they  perhaps  mature  into  non-reticulated  corpuscles  or  instead  are 
destroyed,  remains  to  be  determined.  As  bearing  on  the  point,  it 
should  be  mentioned  that  the  microcytes  of  secondary  anemia  due  to 
hemorrhage  are  largely  derived  from  fragmentation  of  reticulated 
cells,  and  that  in  plethoric  animals  the  fragmentation  of  red  blood 
cells  is  much  increased.'' 

No  observations  were  made  on  the  effect  of  plethora  on  the  niunber 
of  white  cells  or  platelets. 

Clinical  Bearing. 

The  effect  of  experimental  plethora  on  the  bone  marrow  of  rabbits 
has  a  direct  bearing  on  certain  unfavorable  results  which  may  occur 
after  transfusions  in  human  beings.  Clinicians  have  observed  that 
some  cases  of  pernicious  anemia  receiving  transfusion  show  no  stim- 
ulation, but  instead  unmistakable  signs  of  bone  marrow  depression. 
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Vogel  and  McCurdy®  were  the  first  to  report  a  systematic  study  of 
the  reticulated  cells  in  pernicious  anemia  patients  with  transfusion. 
In  several  of  their  cases,  a  decided  drop  in  the  per  cent  of  reticulated 
cells  occurred  following  transfusion.  They  attributed  this  to  the 
diluting  effect  of  the  newly  introduced  blood,  which  had  a  much 
lower  content  of  reticulated  cells.     These  patients  did  badly. 

At  the  Massachusetts  General  Hospital,  Minot  and  Lee^^  have 
recently  observed  the  effect  of  transfusion  on  the  per  cent  of  reticu- 
lated cells  in  a  number  of  cases  of  pernicious  anemia.  In  certain  of 
their  patients,  a  very  marked  diminution  in  the  reticulated  cells 
occurred  following  transfusion.  This  was  accompanied  by  a  leuko- 
penia, a  reduction  in  the  number  of  platelets,  and  in  some  cases  pur- 
pura as  well,  all  of  which  went  to  form  the  picture  of  general  bone 
marrow  depression.  As  was  to  be  expected,  there  was  no  increase 
in  the  red  corpuscles  after  transfusion  in  these  patients,  other  than 
that  referable  to  the  alien  blood  introduced.  In  their  cases,  the 
amount  of  blood  transfused  did  not  exceed  600  cc.  and  in  one  case 
it  was  only  300  cc.  No  such  effects  as  those  described  above  were 
observed  after  transfusions  of  less  than  300  cc. 

From  the  results  described  in  the  present  paper,  one  may  draw 
tentative  conclusions  as  regards  such  instances.  In  pernicious,  as 
in  any  form  of  anemia,  oxygen  deficiency  resulting  from  blood  loss 
doubtless  constitutes  the  stimulus  for  increased  blood  production. 
It  is  conceivable  that  in  severe  conditions,  a  stage  is  reached  where 
the  bone  marrow  becomes  so  exhausted  that  there  is  danger  of  its 
failure  to  respond  any  longer  to  this  stimulus;  in  other  words,  the 
stimulus  of  oxygen  deficiency  has  grown  relatively  less  effective  and 
may  at  any  time  become  insufficient.  The  introduction  of  a  large 
quantity  of  blood  into  the  circulation  has  inevitably  the  effect  of 
reducing  oxygen  lack.  The  sudden  lowering  of  stimulus  thus  brought 
about  may  result  in  a  diminished  activity  of  the  bone  marrow.  The 
inference  is  clear  that  in  pernicious  anemia  with  a  sluggish  bone  mar- 
row as  shown  by  the  count  of  reticulated  cells,  small  transfusions  are 
preferable  to  large  ones. 

^^  Dr.  Minot  and  Dr.  Lee  have  very  kindly  allowed  me  to  use  these  data,  which 
they  have  not  yet  published. 


236  EXPERIMENTAL   PLETHORA   AND   BLOOD   PRODUCTION 

SUMMARY. 

With  the  purpose  of  detennining  whether  a  diminished  activity 
of  the  bone  marrow  could  be  brought  about  experimentally,  plethora 
was  produced  in  rabbits  by  means  of  repeated  small  transfusions  of 
blood.  Counts  of  the  number  of  reticulated  red  cells  in  the  circulat- 
ing blood  were  made  during  the  course  of  the  experiments  as  an  index 
to  changes  in  the  activity  of  the  bone  marrow. 

With  the  development  of  plethora,  the  number  of  reticulated  cells 
in  the  blood  decreased.  In  the  majority  of  the  plethoric  animals, 
this  diminution  was  extreme,  and  in  some  instances,  reticulated 
cells  practically  disappeared  from  the  blood.  A  comparison  of  the 
red  bone  marrow  of  these  animals  with  that  of  normal  controls  re- 
vealed a  marked  reduction  in  the  content  of  reticulated  cells. 

After  a  number  of  transfusions,  there  occurred  in  some  of  the  ple- 
thoric rabbits  a  sudden  and  marked  drop  in  hemoglobin.  The  hemo- 
globin continued  to  fall  until  a  severe  grade  of  anemia  was  reached. 
This  was  followed  by  an  extremely  rapid  regeneration  accompanied 
by  a  striking  rise  in  color  index.  During  regeneration,  the  reticulated 
cells  were  enormously  increased  in  number. 

Taken  together,  these  facts  show  that  the  bone  marrow  is  markedly 
influenced  by  plethora.  The  diminished  number  of  reticulated  cells 
observed,  both  in  the  circulating  blood  and  in  the  marrow,  would 
make  it  appear  that  a  decided  decrease  in  blood  production  occurs. 
The  reduction  in  the  number  of  these  cells  cannot  be  due  to  changes 
in  the  constitution  of  the  red  cells  put  out  by  the  bone  marrow,  as  a 
result  of  an  increased  quantity  of  hemoglobin  in  the  body,  because 
during  regeneration  from  the  above  mentioned  anemia,  when  the  color 
index  was  very  high,  reticulated  cells  were  still  present  in  large  num- 
bers. That  the  activity  of  the  bone  marrow  docs  actually  diminish 
during  plethora  is  further  evidenced  by  the  occurrence  of  the  anemia. 
The  most  reasonable  explanation  of  this  phenomenon  is  that  the  re- 
cipient develops  an  immunity  against  the  blood  of  the  donors,  which 
results  in  the  destruction  of  the  strange  cells  that  are  in  circulation. 
In  keeping  with  this  conception  is  the  appearance  of  isoagglutinins  for 
the  donors'  red  cells  in  the  blood  of  the  recipient,  at  about  the  time  of 
the  beginning  fall  in  hemoglobin.  The  occurrence  of  anemia  as  a 
result  of  the  destruction  of  the  alien  blood  only  would  seem  to  be 


OSWALD   H.    ROBERTSON  237 

due  to  the  circumstance  that,  during  the  period  of  plethora,  blood 
production  is  greatly  diminished;  as  a  consequence,  the  blood  cells 
proper  to  the  recipient  are  gradually  reduced  in  number  and  replaced 
by  ahen  cells  until  the  latter  come  to  constitute  the  bulk  of  the 
animal's  blood. 

In  those  rabbits  developing  anemia,  the  initial  drop  of  hemoglobin 
from  the  plethoric  level  to  the  normal  was  constantly  accompanied 
by  a  marked  rise  in  the  number  of  reticulated  ceUs.     This  brought 
up  a  subsidiary  problem  for  study.     With  the  idea  that  the  stimula- 
tion of  the  bone  marrow  might  be  due  to  the  presence  of  an  increased 
quantity  of  broken  down  blood,  rabbits  were  injected  intravenously 
^vith  large  amounts  of  laked  blood  cells.     The  procedure  had  no 
evident  effect  on  the  blood  picture.     It  was  then  found  that  simple 
blood  removal  from  a  plethoric  animal  which  brought  back  the  hemo- 
globin to  the  normal  level,  or  even  to  a  point  somewhat  above,  suf- 
ficed to  cause  a  marked  increase  in  the  number  of  reticulated  ceUs. 
Although  these  findings  are  not  conclusive,  they  suggest  an  explana- 
tion for  the  increased  bone  marrow  activity  accompan}dng  the  initial 
drop  of  hemoglobin  in  the  plethoric  rabbits;  namely,  that  the  organ- 
ism had  in  some  way  adapted  itself  during  the  period  of  plethorl  to 
the  presence  of  a  greater  amount  of  blood  and  that  the  result  of  blood 
loss  in  such  an  organism  was  a  relative  but  not  absolute  anemia 

The  finding  that  the  actiAdty  of  the  bone  marrow  can  be  depressed 
by  the  introduction  of  a  large  quantity  of  blood  into  the  circulation 
accounts  tor  the  diminished  bone  marrow  acti^ity  which  sometimes 
occurs  after  transfusion  in  pernicious  anemia.     In  such  cases  there  is 
a  marked  drop  in  the  number  of  reticulated  cells  and  other  e^ddence 
of  bone  marrow  depression;  the  patient  shows  no  benefit  from  trans- 
fusion or  may  grow  rapidly  worse.     The  cause  of  this  depression  is 
best  explamed  on  the  basis  that  in  severe  instances  of  the  disease 
where  exhaustion  of  the  bone  marrow  is  imminent,  the  stimulus  of 
the  anemia  is  only  just  sufficient  to  keep  the  marrow  functioning     A 
sudden  lowering  of  this  stimulus  is  brought  about  bv  the  introduction 
of  a  large  quantity  of  blood  into  the  circulation,  and  the  result  is  a 
faU  m  the  acti^-ity  of  the  bone  marrow.     It  foUows  from  this  that  in 
pernicious  anemia  with  a  feebly  reacting  bone  marrow  as  indicated 
by  the  number  of  reticulated  red  cells,  smaU  transfusions  are  preferable 
to  large  ones. 
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Healing  of  injured  and  intensely  inflamed  vascular  tissues  is  char- 
acterized by  the  formation  of  granulation  tissue.  A  striking  ex- 
ception to  this  is  the  perfect  healing  of  the  lung  in  most  cases  of 
lobar  pneumonia.  Here,  complete  resolution  with  removal  of  the 
exudate  and  regeneration  of  the  injured  lung  result.  Occasionally, 
however,  the  exudate  persists,  and,  as  elsewhere,  it  is  dealt  with  by 
an  ingrowth  of  capillaries  and  connective  tissue  cells. 

The  factors  determining  the  result  in  the  inflamed  lung  are  little  imderstood 
and  the  explanations  offered  for  the  occurrence  of  unresolved  lobar  pneimionia 
are  as  inconclusive  as  those  for  the  perfect  heahng  of  the  lung.  Ziegler  (1)  sug- 
gested that  the  retention  of  the  exudate  and  its  organization  in  imresolved  lobar 
pneumonia  probably  depended  upon  recurring  exudates,  eventually  requiring  or- 
ganization for  their  removal.  Von  Kahlden  (2)  considered  an  excessive  formation 
and  retention  of  fibrin  the  probable  cause.  Kohn  (3)  believed  that  organization 
of  the  exudate  occurred  as  a  result  of  irritation  of  the  interlobular  and  pleural  con- 
nective tissue.  Koster  (4)  thought  that  blocking  of  the  Ijonph  channels  in  the 
involved  area  was  responsible.  Marchand  (5)  considered  alcohohsm  a  predis- 
posing factor,  and  Heschl  (6)  reported  its  greater  frequency  in  emaciated  indi- 
viduals. Amburger  (7)  advocated  syphilis  as  the  cause.  Another  conception  was 
that  of  Corrigan  (8)  who  described  it  as  a  special  disease  analogous  to  cirrhosis  of 
the  liver. 

In  1903  Flexner  (9)  found  that  consolidated  lung  in  the  stage  of  red  hepatiza- 
tion autolyzed  imperfectly,  whereas  in  the  stage  of  gray  hepatization  it  autolyzed 
rapidly  and  perfectly.  He  concluded  that  in  unresolved  pneumonia  because  of 
some  disproportion  between  the  leukocytes  and  other  constituents,  or  other  cause 
unknown,  the  inflammatory  exudate  failed  to  autolyze  perfectly,  could  not  be 
absorbed,  and  hence  underwent  organization. 

239 
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A  few  years  later  Opie  (10)  in  the  course  of  a  study  of  leukocytic  enzymes  noted 
that  when  a  mixture  of  dog  serum,  leukocytes,  and  fibrin  were  incubated,  autoly- 
sis of  the  leukocytes  and  digestion  of  the  fibrin  were  inhibited,  whereas  when  no 
serum  was  present,  the  leukocytes  autolyzed  readily  and  the  fibrin  was  completely 
digested. 

In  1914,  in  association  with  Winternitz  (11),  a  study  of  the  circulation  in  the 
pneumonic  lung  was  made.  It  was  observed  that  in  the  later  stages  of  lobar  pneu- 
monia, the  circulation  through  the  consolidated  portion  is  extremely  poor.  This 
was  strikingly  shown  in  animals  stained  with  trypan  blue.  Two  sets  of  experi- 
ments were  undertaken.  In  one  series,  rabbits  were  injected  intravenously  with 
trypan  blue,  and,  following  the  injection  of  the  dye,  the  animals  were  given  an  intra- 
bronchial  injection  of  pneumococci.  The  trypan  blue  was  again  introduced  in- 
travenously during  the  progress  of  the  pneumonia.  In  the  other  series  of  animals, 
the  first  procedure  was  the  injection  of  pneumococci  intrabronchially,  and  40  or 
more  hours  later  the  intravenous  injections  of  trypan  blue  were  begim.  In  the 
animals  receiving  trypan  blue  first,  and  during  the  course  of  the  pneumonia,  the 
consolidated  portions  of  the  lung  at  autopsy  were  intensely  blue,  whereas  in  those 
animals  in  which  the  trypan  blue  was  injected  only  in  the  later  stages  of  the  pneu- 
monia, it  was  found  that  but  very  little  of  the  dye  penetrated  the  consolidated 
portions.  It  was  inferred  that  little  or  no  serum  reaches  the  exudate  in  the  alveoli 
in  the  stage  of  gray  hepatization,  and  it  was  suggested  that  if  this  were  true,  autoly- 
sis of  the  leukocytes  and  digestion  of  fibrin  in  the  lung  in  the  late  stages  of  pneu- 
monia are  not  inhibited  and  resolution  therefore  occurs. 

Not  only  do  the  experiments  mentioned  above  suggest  that  the 
absence  of  the  serum  from  the  exudate  may  be  a  determining  factor 
in  bringing  about  resolution,  but  they  Hkewise  suggest  that  the  per- 
sistence of  the  exudate  in  unresolved  pneumonia  may  depend  upon 
the  presence  in  the  exudate  of  sufficient  serum  to  prevent  the  autoly- 
sis of  the  leukocytes  and  digestion  of  the  fibrin.  If  this  is  true, 
persistence  of  the  exudate  and  its  organization,  in  lobar  pneumonia, 
might  be  expected  to  develop  in  those  cases  in  which  the  circula- 
tion in  the  lung,  in  the  later  stages  of  the  process,  was  good  enough 
to  permit  a  considerable  amount  of  serum  to  reach  the  exudate  in 
the  alveoli. 

The  experiments  to  be  reported  in  this  paper  were  undertaken 
to  determine  the  significance  of  the  presence  of  serum  in  the  exudate, 
in  the  late  stages  of  pneumonia.  The  method  of  injecting  the  serum 
depended  upon  an  observation  made  in  the  study  mentioned  above 
(11).     It  was  found  that  although  very  little  of  the  trypan  blue, 
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when  injected  intravenously,  penetrated  the  lung  in  the  later  stage 
of  pneumonia,  the  exudate  offered  no  barrier  to  its  penetration  when 
it  was  injected  intrabronchially. 

The  experiments  were  carried  out  in  dogs  because  of  this  animal's 
resistance  to  the  pneumococcus.  Twenty-five  animals  in  all  were 
injected.  In  nineteen  lobar  pneimionia  was  produced  with  a  Group 
I  pneumococcus,  according  to  the  technique  of  Lamar  and  Meltzer 
(12).  In  each  case,  before  the  injection  of  the  pneumococci,  an 
x-ray  was  taken  to  show  the  position  of  the  catheter.  Seven  of 
the  animals  were  kept  as  controls,  without  further  treatment.  In 
the  other  twelve,  sterile  dog  blood  serum  was  injected  into  the 
same  lobe  that  received  the  pneumococci  once  a  day  for  4  to  7  days, 
beginning  48  to  72  hours  after  the  intrabronchial  injection  of  pneu- 
mococci. On  each  occasion  x-rays  were  taken  to  make  sure  of  the 
proper  position  of  the  catheter. 

In  addition  to  the  nineteen  animals  mentioned  above,  six  normal 
dogs  were  injected  intrabronchially,  once  a  day  for  4  to  7  days,  with 
corresponding  amounts  of  sterile  dog  blood  serum. 

All  the  animals  were  killed  in  from  9  to  18  days  after  the  first 
intrabronchial  injection.     The  results  are  shown  in  Tables  I  to  III. 


TABLE   I. 


Dog  No. 

Pneumo- 
cocci 
per  kilo 

intrabron- 
chially. 

Serum  per 
kilo  intra- 
bronchially. 
Daily,  4  to  7 
injections. 

Length  of 
life  after 
pneumo- 
coccus in- 
jections. 

Lesion  organization. 

Lung  culture. 

In  1,  6  of 
lobe  or  over. 

Few  small 
areas. 

cc. 

cc. 

days 

1 

2.5 

2.5 

9 

-f 

Sterile. 

2 

3 

3 

18 

+ 

a 

3 

4 

4 

18 

-f- 

" 

4 

3.5 

3.5 

17 

+ 

(( 

5 

3.5 

3.5 

17 

+ 

83   colonies  of   Gram- 
negative  bacilli. 

6 

3 

3 

15 

+ 

7 

3.5 

3.5 

17 

-t- 

8 

3.5 

3.5 

17 

+ 

9 

2.8 

2.8 

15 

- 

- 

10 

2.5 

2.5 

15 

— 

- 

11 

3.5 

3.5 

17 

— 

- 

12 

Z.7> 

l.Z 

18 

— 

— 
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TABLE  II. 


Pneumococci  per 
kilo  intrabronchially. 

Length  of  life  after 

pneumococcus 

injections. 

Lesion  organization. 

Dog  No. 

In  1/6  of  lobe  or 
over. 

Few  small  areas. 

13 
14 
15 
16 
17 
18 
19 

cc. 

3.8 

2.2 

3.5 

3.5 

4.3 

2.25 

4 

days 
18 

15 
17 
17 
18 
9 
15 

- 

+ 
+ 
+ 

TABLE  III. 


Serum  per  kilo 

intrabronchially. 

Daily,  4  to  7 

injections. 

Length  of  life  after 

first  injection 

of  serum. 

Lesion  organization. 

In  1/6  of  lobe  or 
over. 

Few  small  areas. 

20 
21 
22 
23 
24 
25 

cc. 

4.6 

4.16 
4.5 
3.5 
3.5 

days 

15 
15 
13 
13 

15 
15 

- 

1      1      1      1      1      1 

ILLUSTRATIVE   PROTOCOL. 


Dog  /.—Weight  12,000  gm. 

May  22,  1916,  9.20  p.m.  Catheter  17  F  inserted  into  bronchus.  X-ray  taken 
(catheter  in  bronchus  to  right  lower  lobe).  30  cc.  of  29  hour  culture  of  Group  I 
pneumococcus  in  broth  injected  through  catheter. 

May  25-30.  30  cc.  of  sterile  dog  blood  serum  injected  daily  through  catheter 
in  right  lower  lobe.    X-rays  taken  before  each  injection. 

May  31,  4  p.m.    Animal  etherized. 

Autopsy. — Performed  at  once.  Right  lower  lobe  much  more  voluminous  than 
normal.  Large,  sohd  masses  palpable.  On  section  numerous  small  and  larger 
solid,  heavy,  airless,  consolidated  areas  are  made  out,  involving  one-half  of  lobe. 
One  area  in  center  the  size  of  small  walnut ;  one  near  periphery  the  size  of  a  large 
walnut.  Other  areas  smaller.  These  solid  patches  have  a  smooth  surface  and 
have  a  grayish  red  appearance.  In  branches  of  the  bronchus  of  this  lobe  there  are 
firm  grayish  white  plugs,  in  some  places  partially,  in  others  completely  occluding 
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the  lumen.  Histological  examination  shows  the  majority  of  the  alveoli  in  the 
consolidated  portion  partially  filled  with  wandering  cells  (large  mononuclear  and 
polymorphonuclear),  varying  amounts  of  fibrin,  and  numerous  fibroblasts,  in  many 
places  associated  with  fresh  capillaries.  The  process  is  strikingly  shown  in  the 
bronchioles  where  the  fibroblasts  and  fresh  capillaries  invading  the  retained  exudate 
are  very  prominent. 

Film  preparations  of  the  lung  culture  taken  at  the  time  of  autopsy  (five  loops 
of  expressed  tissue  juice)  on  blood  agar  showed  no  growth  at  the  end  of  3  days. 

It  will  be  seen  from  Table  I  that  in  the  majority  of  animals  re- 
cei\'ing  repeated  injections  of  the  serum  into  the  pnemnonic  lung, 
complete  resolution  did  not  occur.  In  most  of  these,  9  to  18  days 
after  the  production  of  pneumonia,  areas  of  consoHdation  in  one- 
sixth  or  over  of  a  lobe,  were  present,  and  microscopically  the  exu- 
date in  the  bronchioles  and  alveoli  of  the  consolidated  portions  showed 
extensive  organization.  In  several  of  the  animals  the  areas  of  or- 
ganizing pneumonia  were  smaller.     (Figs.  1  to  5.) 

Cultures  taken  from  the  lung,  in  which  areas  of  consoUdation 
were  present  in  one-sixth  or  more  of  a  lobe,  showed  no  growth  in 
four  of  the  five  cases.  In  the  fifth  a  number  of  colonies  of  a  Gram- 
negative  bacillus  were  obtained. 

In  the  majority  of  dogs  with  pneumonia  not  treated  with  serum, 
complete  resolution  occurred  (Table  II).  In  two  of  the  three  ani- 
mals in  which  complete  resolution  did  not  occur,  no  macroscopic 
areas  were  observed  at  the  time  of  autopsy,  but  a  study  of  the  sec- 
tions showed  a  small  nvunber  of  alveoU  containing  exudate  under- 
going organization.  In  the  third  animal  there  were  about  twelve 
pin-head  to  lentil-sized  areas.  Most  of  these  showed  microscopi- 
cally an  exudate  of  polymorphonuclear  leukocytes,  mononuclear 
cells,  scattered  red  blood  cells,  and  little  fibrin.  The  areas  show- 
ing organization  of  the  exudate  were  no  more  extensive  than  in  the 
two  mentioned  above. 

In  the  animals  receiving  repeated  doses  of  serum  alone  (Table 
III)  no  areas  of  consohdation  were  found  at  autopsy,  and  microscopi- 
cally the  lungs  showed  no  exudate  of  any  kind. 

CONCLUSION. 

The  experiments  reported  above  give  evidence  that  in  unresolved 
lobar  pneumonia,  the  persistence  of  the  exudate,  followed  by  organi- 
zation, depends  upon  the  presence  of  serum  in  the  exudate. 
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EXPLANATION  OF  PLATES. 
Plate  17. 

Fig.  1.  Bronchiole  showing  persistent  exudate  undergoing  organization,  with 
attachment  to  the  wall  in  three  places.  Dog  2,  intrabronchial  injection  of  pneumo- 
cocci,  followed  by  five  daily  injections  of  serimi.  Killed  18  days  after  onset  of 
pneumonia.     Magnification  about  260. 

Fig.  2.  Alveoli  and  bronchioles  containing  persistent  exudate  undergoing  or- 
ganization. Dog  3,  intrabronchial  injection  of  pneumococci,  followed  by  five  daily 
injections  of  senun.  Killed  18  days  after  onset  of  pneumonia.  Magnification 
about  260. 

Plate  18. 

Fig.  3.  Alveoli  and  bronchioles  containing  persistent  exudate  undergoing  or- 
ganization, showing  extension  of  process  through  the  pores  of  Kohn.  Dog  3.  Mag- 
nification about  260. 

Fig.  4.  High  power  of  portion  of  the  same  section  as  Fig.  1  (Dog  2),  showing 
attachment  of  exudate  to  bronchiole  wall  and  ingrowth  of  fibroblasts.  Magni- 
fication about  800. 

Plate   19. 

Fig.  5.  Another  portion  of  same  section  as  P'ig.  1  (Dog  2),  showing  attachment 
of  exudate  to  wall  and  ingrowth  of  fibroblasts  and  capillary.  Magnification  about 
800. 
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PLATE  17. 
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THE    GROWTH    OF    THE    OVARIAN    FOLLICLE    OF    THE 

GUINEA    PIG    UNDER    NORMAL    AND 

PATHOLOGICAL   CONDITIONS. 

By  L.  S.  N.  WALSH,  M.D. 

{From  the  Department  of  Comparative  Pathology  of  Washington  University  Medical 

School,  St.  Louis.) 

(Received  for  publication,  April  2,  1917.) 

As  the  ovary  seems  to  be  a  favorable  organ  for  the  quantitative 
estimation  of  cell  growth,  we  undertook  to  analyze  the  growth  energy 
of  the  granulosa  cells  in  the  ovaries  of  normal  guinea  pigs  and  also 
to  study  the  growth  energy  of  these  cells  under  certain  pathological 
conditions. 

Method. 

The  growth  energy  was  estimated  by  the  determination  of  the 
percentage  of  mitoses  in  granulosa  cells  in  the  folhcles  of  the  ovaries 
of  normal  guinea  pigs.  A  large  number  of  cells  was  counted  and  the 
number  of  mitoses  ascertained,  thus  making  possible  a  comparison  of 
the  proliferative  power  of  the  various  follicles  by  the  relative  per- 
centage of  mitoses. 

The  follicles  were  classified  according  to  size  into  three  groups, 
large,  medium,  and  small,  whose  average  measurements  were:  large, 
788  by  611  ;u;  medium,  506  by  450 /;t;  small,  215  by  130^1.  These 
measurements  are  from  the  inner  border  of  the  theca  interna  on  one 
side  to  the  same  point  on  the  other  side;  i.e.,  the  space  lined  by  the 
theca  interna. 

One  other  type  of  follicle  was  studied  in  normal  ovaries;  viz.,  the 
mature  type  whose  characteristics  have  been  described  in  earher 
papers  by  Loeb.^  These  folhcles  are  on  an  average  somewhat  larger 
than   the   ordinary  large   folHcle.     There  is  relatively  much  more 

^Loeb,  L.,  /.  Morphol.,  1911,  xxii,  37;  Virchows  Arch.  path.  Anat.,  1911, 
ccvi,  278;  Zentr.  Physiol,  1910-lL  xxiv,  203. 
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cytoplasm  in  the  cells  which  in  hematoxylin-  and  eosin-stained  sec- 
tions is  pink  and  gives  the  folUcle  a  much  pinker  appearance  than 
others  in  the  same  ovary. 

Measurements  of  large,  medium,  and  small  follicles  follow  and  are 
of  the  space  lined  by  the  theca  interna. 

Large  Follicles. 

Long  diameter,  between  1,076  and     550  M. 
Short       "  "  830    "      377  m. 

Average  long   diameter,  788  M. 
"       short         "         611  M. 

Diameter  of  Follicular  Cavity. 

Long  diameter,  between  973  and  434  M. 
Short       "  "         726    "    256  m. 

Average  long   diameter,  747  M. 
"       short       "  502  M. 

Medium  Follicles. 

Long  diameter,  between  650  and  408  M. 
Short       "  "         615    "    315  m. 

Average  long   diameter,  506  ix. 

"       short         "         450  m- 

Diameter  of  Follicular  Cavity. 

Long  diameter,  between  575  and  169  m. 
Short        "  "       457    "       92  m. 

Average  long   diameter,  347  m. 
"       short         "         101  M. 

Small  Follicles. 

Long  diameter,  between  318  and  77  M. 
Short       "  "       227    "     77  M. 

Average  long   diameter,  215  M. 
"       short         "         130  m. 

Diameter  of  Follicular  Cavity. 

Long  diameter,  between  188  and  23  M. 
Short       "  "       108     "    29  m. 

Average  long   diameter,  80  M. 
"      short         "         69  m. 
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Several  of  each  of  the  preceding  types  of  follicles,  usually  three, 
were  studied  in  each  ovary.  In  order  to  count  the  cells  and  mitoses 
we  studied  the  follicle  in  serial  sections  with  a  12  oil  immersion 
objective  and  a  No.  8  ocular  upon  whose  distal  surface  two  parallel 
lines  were  ruled.  This  method  presents  some  difficulties,  one  con- 
stant source  of  error  being  the  confusion  which  results  from  focusing 
on  the  cells  at  different  levels.  Such  errors  are  uniform  throughout 
and  although  they  depreciate  the  value  of  the  estimation  of  the  abso- 
lute number  of  cells  in  a  follicle  of  a  given  size  to  some  extent,  their 
influence  is  practically  nil  from  a  comparative  standpoint,  the  error 
being  the  same  in  all  cases. 

Growth  of  the  Normal  Follicle. 

The  protocol  of  Guinea  Pig  1  gives  the  results  obtained  in  the 
three  sizes  of  follicles  approximately  the  same  as  the  average  figures 
based  on  all  the  follicles  studied  (Table  I).  The  two  ovaries  of  the 
animal  are  numbered  1  and  2.  It  is  shown  here  that  there  is  a  dis- 
tinct difference  in  the  percentage  of  mitoses  of  the  different  types  of 
follicles.  The  mediimi  follicles  have  the  highest  percentage  of  mi- 
toses and  therefore  the  greatest  growth  energy,  the  large  ones  the 
lowest,  and  the  small  follicles  have  a  proliferative  power  which 
slightly  exceeds  that  of  the  large  type,  but  is  considerably  less  than 
that  of  the  medium  foUicle.  This  fact  holds  good  in  either  ovary 
alone  as  well  as  the  combined  figure  of  both  ovaries. 

Table  II  shows  the  injurious  effect  of  extirpation  of  corpora  lutea 
by  burning  and  the  effect  of  slight  postmortem  change  on  the  per- 
centage of  mitoses. 

This  difference  in  the  growth  energy  of  the  various  types  of  follicles 
is  constant,  whether  we  consider  the  follicle  of  one  or  two  ovaries 
of  the  same  animal,  if  the  number  of  cells  counted  is  sufficiently 
large,  and  furthermore,  approximately  the  same  relative  difference  in 
the  percentage  of  mitoses  was  seen  in  all  the  normal  ovaries  examined. 

Small  follicles  have  relatively  more  variability  in  the  percentage  of 
mitoses  than  medium  or  large  follicles.  Various  sized  follicles  and 
mature  folHcles  studied  in  the  different  ovaries  have  been  grouped  and 
tabulated  separately. 
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Table  II  gives  a  summary  of  the  number  of  granulosa  cells  and 
mitoses  counted  with  the  percentage  of  mitoses  in  the  large  follicles  of 
the  ovaries  of  two  normal  guinea  pigs,  and  also  the  ovaries  of  two 
guinea  pigs  in  which  the  follicles  were  abnormal. 

TABLE  I. 
Protocol  of  Guinea  Pig  1. 


Follicles  in  Ovary  1. 

Follicles  in  Ovary  2. 

Follicle. 

No.  of  cells. 

No.  of 
mitoses. 

Percentage 
of  mitoses. 

Follicle. 

No.  of  cells. 

No.  of 
mitoses. 

Percentage 
of  mitoses. 

Large  follicles. 


per  cent 

per  cent 

No.  1 

2,009 

19 

0,94 

No.  1 

2,604 

8 

0.30 

"     2 

3,550 

14 

0.39 

"    2 

3,125 

21 

0.67 

"    3 

2,390 

25 

1.0 

'*    3 

2,349 

23 

0.97 

"    4 

2,122 

28 

1,3 

"    5 

2,294 

19 

0,83 

Total 

12,365 

105 

0,84 

Total.... 

8,078 

52 

0.64 

Medium  follicles. 


No 

1 

1,431 

19 

1.3 

No.  1 

2,617 

36 

1.3 

(< 

2 

2,685 

20 

0.74 

"    2 

2,076 

25 

1.2 

« 

3 

2,437 

27 

1,1 

"    3 

2,173 

15 

0.68 

Total 

6,553 

66 

1.0 

Total. , . , 

6,866 

76 

1.1 

Small  follicles. 


No.  1 

749 

5 

0,66 

No.  1 

846 

3 

0,35 

"    2 

492 

5 

1.0 

"    2 

1,441 

17 

1.1 

"    3 

681 

7 

1,0 

"    3 

747 

4 

0.53 

Total 

1,922 

17 

0,88 

Total.... 

3,034 

24 

0.78 

Large  Follicles. — In  Table  II  the  figures  for  four  different  guinea 
pigs  are  given.  The  figures  given  for  Guinea  Pigs  1  and  2  are  com- 
piled from  a  study  of  normal  follicles  and  represent  the  true  growth 
energy  of  large  follicles,  whereas  the  percentage  of  mitoses  in  the 
granulosa  cells  of  Guinea  Pigs  3  and  4  has  been  lowered  in  one  case 
by  burning  out  of  the  corpora  lutea  and  in  the  other  by  postmortem 
change. 
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To  summarize,  the  growth  energy  of  eighteen  large  follicles  has 
been  studied.  In  normal  ovaries  23,954  cells  have  been  counted 
having  a  percentage  of  mitoses  of  0.73.  In  abnormal  ovaries  25,344 
cells  have  been  counted  with  a  percentage  of  mitoses  of  0.16. 

TABLE    II. 

Percentage  of  Mitoses  in  Large  Follicles. 


Guinea  pig 

No. 


Ovary. 


No.  of 
cells. 


No.  of 
mitoses. 


Percentage 
of  mitoses. 


Remarks. 


Normal  follicles. 


per  cent 

2 

3,511 

19 

0.54 

Heat  21  days  before  death. 

1 

1 

12,365 

105 

0.84 

7  days  after  ovulation. 

2 

8,078 

52 

0.64 

Total 

23,954 

176 

0.67* 
0.73t 

Pathological  follicles. 


Total. 


,417 
,813 
,114 


25,344 


12 

0 

29 


41 


0.14 

0.0 

0.35 


0.16* 
0.16t 


Corpora  lutea  burned  out  of  ovary. 
Found  dead.     Ovaries  taken  out  sev- 
eral hours  after  death. 


*  This  figure  represents  the  average  obtained  from  the  percentage  of  the  re- 
spective ovaries. 

t  This  figure  represents  the  percentage  of  mitoses  for  the  total  of  all  the  cells 
counted  in  that  particular  type  of  follicle,  the  total  being  compiled  from  the 
figures  of  all  the  follicles  counted  in  the  various  animals. 


Medium  Follicles. — The  figures  of  medium  follicles  are  shown  in 
Table  III.  The  percentage  of  mitoses  in  all  these  follicles  is  1  or 
more,  with  the  exception  of  Guinea  Pig  3  which  is  the  animal  from 
whose  ovaries  the  corpora  lutea  had  been  burned  out.  Doubtless  the 
low  percentage  of  mitoses  here  is  due  to  the  hea^g  of  the  ovary 
in  the  process  of  burning  out  the  corpora  lutea. 
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To  summarize,  in  normal  medium  follicles  (Guinea  Pig  3  is  ex- 
cluded) 80,625  cells  have  been  counted,  having  a  percentage  of 
mitoses  of  1.2. 

TABLE   III. 

Percentage  of  Mitoses  in  Medium  Follicles. 


Guinea  pig 

No. 

Ovary. 

No.  of 
cells. 

No.  of 
mitoses. 

Percentage 
of  mitoses. 

Remarks. 

per  cent 

5 

1 

13,924 

147 

1.0 

10  days  after  birth  of  young. 

2 

10,990 

160 

1.4 

6 

1 

5,823 

76 

1.3 

Near  the  end  of  pregnancy. 

2 

6,771 

96 

1.4 

7 

1 

4,828 

55 

1.1 

Ovulation  had  just  taken  place. 

2 

5,086 

60 

1.1 

2 

1 

9,428 

128 

1.3 

Heat    21    days    before    removal    of 

2 

10,356 

131 

1.2 

ovaries. 

1 

1 

6,553 

66 

1.0 

7  days  after  ovulation. 

2 

6,866 

76 

1.1 

3 

4,464 

21 

0.47 

Corpora  lutea  burned  out  of  ovary. 

Total 

80,625 

995 

1.1* 

1.2t 

Total  does  not  include  Guinea  Pig  3. 

*  Average  percentage  of  mitoses. 
t  Absolute  percentage  of  mitoses. 

Small  Follicles. — Table  IV  shows  that  there  is  relatively  greater 
variability  in  the  percentage  of  mitoses  of  small,  than  either  large  or 
medium  folhcles.  The  growth  energy  of  small  folhcles  in  various 
stages  of  cavity  formation  was  compared,  but  no  constant  differences 
were  found.  Here  again  the  ovaries  of  Guinea  Pig  4,  in  which 
there  has  been  slight  postmortem  change,  showed  a  very  low  per- 
centage of  mitoses  and  their  figures  together  with  those  of  Guinea 
Pig  3,  from  whose  ovaries  the  corpora  lutea  were  burned  out,  are  not 
included  in  the  total. 

To  summarize,  in  normal  small  folhcles  89,545  cells  have  been 
counted,  having  a  percentage  of  mitoses  of  0.66. 

Mature  Follicles. — The  growth  energy  of  six  mature  follicles  in 
the  ovaries  of  two  guinea  pigs  was  studied  (Table  V) .     In  all,  24,445 
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TABLE   IV. 

Percentage  of  Mitoses  in  Small  Follicles. 


Guinea  pig  No. 

Ovary. 

No.  of 
cells. 

No.  of 
mitoses. 

Percentage 
of  mitoses. 

Remarks. 

5 

6 

2 

7 

1 
3 

4 

1 
2 
1 
2 

1 
2 
1 
2 

1 
2 

1 
2 

49,520 
10,241 
6,693 
1,713 
6,084 
2,432 
3,831 
4,075 
1,922 
3,034 
3,929 

3,754 
6,473 

305 
25 
84 
12 
22 
13 
60 
30 
17 
24 
28 

3 
17 

per  cent 

0.61 
0.24 
1.20 
0.70 
0.36 
0.53 
1.56 
0.73 
0.88 
0.78 
0.71 

0.0 
0.26 

10  days  after  parturition. 

Near  the  end  of  pregnancy. 

Heat  last  observed  21  days  be- 
fore death. 
Ovulation  had  just  taken  place. 

7  days  after  ovulation. 

Corpora    lutea    burned    out    of 

ovary. 
Ovaries  taken  out  several  hours 

after  death. 

Total 

89,545 

592 

0.75* 
0.66t 

Total  does   not   include   Guinea 

Pigs  3  and  4. 

Total  of  Guinea  Pigs  3 
and  4 

14,156 

48 

0.33 

*  Average  percentage  of  mitoses, 
t  Absolute  percentage  of  mitoses. 


TABLE   V. 

Percentage  of  Mitoses  in  Mature  Follicles. 


Guinea  pig  No. 

Ovary. 

No.  of  cells. 

No.  of  mitoses. 

Percentage  of 
mitoses. 

6 
8 

1 

2 

15,640 
3,418 
5,387 

5 
8 
4 

per  cent 

0.03 
0.23 
0.07 

Total 

24,445 

17 

0.11* 

0.06t 

*  Average  percentage  of  mitoses, 
t  Absolute  percentage  of  mitoses. 
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cells  and  17  mitoses  were  counted  with  an  average  percentage  of 
mitoses  for  the  follicles  of  the  respective  ovaries  of  0.11,  whereas 
the  absolute  number  of  mitoses  per  hundred  cells  is  0.06. 

It  follows,  therefore,  that  mitoses  are  almost  absent  in  mature 
folUcles,  which  agrees  with  the  observation  of  Loeb^  and  others  that 
mitoses  are  very  infrequent  in  mature  follicles. 

Growth  Curve. — If  we  represent  the  variation  in  the  growth  energy 
in  accordance  with  the  development  of  the  different  folhcles,  we  ob- 
tain a  curve  such  as  is  represented  in  Text-fig.  1.  We  see  that  the 
growth  energy  increases  with  the  development  of  the  follicle  from 
small  to  medium  size,  and  here  it  reaches  its  maximum,  then  it  again 


Tjpe  of 
foLLicle. 

PepcentdSe 
of  mlta-v^.s. 

Averdi-Se  ^ize  of 
^mdUl  follicle 
215  iJ/  150yx. 

hftVASfi  "Size  d 
medium  foUide 
S06l2y45q/x. 

kvcrASfi  zizs  of 
Lar^e  follicle 
78813/ 61 1/A. 

Average  ^ize  cf 
mature  follicle 

Medium 

I.Zper  cent. 

>^^^ 

Ld-nse. 

0.73percent 

y 

5mdli.. 

0.66per  cent. 

\ 

MatcLre. 

006percent 

s. 

Text-Fig    I.     Curve  indicating  the  proliferative  energy  of  follicles  as  a  func- 
tion of  their  size. 


decreases,  the  growth  energy  of  large  foUicles  being  at  approximately 
the  same  level  as  that  of  the  small  folhcles.  A  steep  fall  to  mature 
follicles  than  takes  place. 

This  curve  bears  some  resemblance  to  that  described  by  Robertson^ 
and  Ostwald'  and  some  others  for  various  growth  processes.  How- 
ever, Robertson  and  Ostwald  based  their  results  not  on  percentage 
increases  but  on  absolute  increases.  If  the  curves  of  Robertson  and 
Ostwald  were  expressed  in  percentage  increases  they  would  differ  mark- 
edly from  ours.  As  Loeb  has  pointed  out,  it  is  probable  that  the 
decrease  in  growth  energy  of  mature  folhcles  is  associated  with  greater 
cell  differentiation  in  these  folhcles. 

'Robertson,  T.  B.,  Arch.  Enhvcklngsmechn.  Organ.,  1908,  xxv,  581. 
^Ostwald,  \V.,  in  Roux,  W.,  Vortriige  iiber  Entwickelungsmechanik  der  Or- 
ganismen,  Heft  5,  Leipsic,  1908. 
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Quantitative  Determination  of  the  Location  of  Mitoses  in  the  Granulosa 
Cells  of  Follicles  of  Various  Sizes. — It  has  been  observed  by  Loeb 
that  the  mitoses  occurring  in  mature  follicles  are  found  in  the  discus 
proligerus.  This  observation  suggested  the  possibility  that  the  ovum 
stimulated  the  proliferation  of  the  granulosa  cells  and  made  it  desir- 
able to  investigate  more  closely  the  localization  of  mitoses  in  various 
kinds  of  follicles. 


PLr\ov<tl\Pcift 


Text-Fig.  2.     Areas  in  the  ovarian  follicle. 


A  number  of  foUicles  in  the  various  ovaries  having  only  a  few 
granulosa  cells  surrounding  the  egg  were  selected.  The  number  of 
mitoses  occurring  in  the  various  cell  rows  around  the  egg  was  de- 
termined and,  in  addition,  whenever  a  ca\'ity  had  been  formed  the 
part  of  the  granulosa  in  which  the  mitoses  occurred  was  noted. 
Moreover,  measured  areas  at  various  distances  from  the  egg  were 
compared  as  to  the  frequency  of  their  mitoses. 

In  order  to  facilitate  the  description  of  our  findings  we  found 
it  necessary  to  divide  the  granulosa  into  several  parts  (Text-fig.  2). 
We  divide  the  granulosa  into  two  main  parts :  the  perioval  part  which 
comprises  the  discus  prohgerus  and  the  few  cells  distal  to  it  which 
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are  indicated  on  the  diagram;  the  remaining  part  of  the  granulosa 
we  call  the  aboval  part.  We  also  distinguish  within  the  perioval 
part  an  area  designated  B  on  the  diagram,  of  which  the  length  is 
variable,  but  never  exceeds  the  limitations  of  the  perioval  part,  and 
the  short  diameter  extends  from  the  theca  interna  behind  the  egg 
towards  it  to  the  point  where  the  cells  begin  to  be  more  loosely  ar- 
ranged. We  determined  the  relative  frequency  of  mitoses  in  the 
peri-  and  aboval  parts  and  in  addition  compared  the  number  of 
mitoses  per  sq.  /x  in  area  B  with  the  aboval  part.^ 

26  small  follicles  in  which  the  egg  was  surrounded  by  from  five 
to  ten  rows  of  granulosa  cells,  were  analyzed  in  the  manner  just 
described,  with  the  following  result.  8  of  the  26  follicles  (30  per 
cent)  have  100  per  cent  of  their  total  mitoses  occurring  in  the  first 
cell  row.  17,  including  the  above  8  (65  per  cent),  have  50  per  cent 
or  more  of  their  total  mitoses  occurring  in  the  first  cell  row.  4  (15 
per  cent)  have  less  than  50  per  cent  of  their  total  mitoses  occurring 
in  the  first  cell  row,  but  more  mitoses  near  the  egg  than  near  the 
theca  interna.  3  (11  per  cent)  have  their  greatest  number  of  mi- 
toses midway  between  the  egg  and  the  theca.  2  (7  per  cent)  have 
more  of  their  total  mitoses  near  the  theca  than  near  the  egg. 

It  has  been  shown  here  that  65  per  cent  of  the  total  mitoses  occur 
in  the  first  two  cell  rows,  30  per  cent  of  which  are  in  the  first  cell  row. 
By  total  mitoses  we  understand  all  the  mitoses  observed  by  study 
of  the  follicle  in  serial  section.  By  first  cell  row  we  mean  the  row  of 
cells  encircling  the  egg  (Text-fig.  2). 

Four  small  folhcles,  in  which  the  space  lined  by  the  theca  interna 
had  an  average  measurement  of  253  by  170  /x  and  in  which  there  was 
early  cavity  formation,  were  studied.     The  findings  were  as  follows: 

1st   cell  row  contains    16  per  cent  of  the  total  mitoses  of  the  follicles. 


2nd    "      " 

5     " 

3rd     "     " 

10     " 

4th     "     " 

8     " 

5th     "     " 

6     " 

6th     "     " 

6     " 

7th     "     " 

0.8" 

Remaining  part  of 

granulosa 

contains 

44    " 

«     ((    « 

<(          <(         ( 

*  Because  of  the  variability  of  length  of  area  B  sometimes  a  few  cells  of  the 
perioval  part  were  included  in  the  aboval  part. 


L.    S.    N,    WALSH 


255 


It  is  seen  here  that  as  the  follicle  increases  in  size  the  percentage 
of  the  total  mitoses  which  occur  in  the  first  and  second  cell  rows,  de- 
creases, yet  30  per  cent  of  the  mitoses  still  occur  in  the  first  three  cell 
rows.  The  proliferative  power  of  the  cells  near  the  theca  is  greater 
than  in  follicles  of  smaller  size. 

Next,  the  results  obtained  in  the  study  of  nine  small  follicles,  the 
cavities  of  which  are  of  somewhat  larger  size  than  the  preceding  two 
kinds,  are  given.  The  average  diameter  of  the  space  lined  by  the 
theca  interna  in  these  follicles  was  215  by  132  /^;  the  average  size  of 
the  cavity  72  by  71  /j.. 

1st   cell  row  contains  14  per  cent  of  the  total  mitoses  of  the  follicles. 


2nd    " 

9    " 

3rd     " 

8    " 

4th     " 

1     " 

<    <(      <i 

5th    " 

9    " 

<    It      it 

6th     " 

3    " 

9th     " 
Remain 

ng  part  of 

1    " 

granulosa  contains  52     "      "     "     "      "  "         "     "  " 

The  results  here  are  similar  to  those  obtained  in  the  preceding 
follicles.  As  the  follicles  increase  in  size  there  has  been  a  gradual 
increase  in  the  number  of  mitoses  not  in  the  immediate  neighborhood 
of  the  egg. 

The  results  of  the  analysis  of  the  localization  of  mitoses  in  thirteen 
medium  follicles,  in  which  the  average  diameters  of  the  space  lined 
by  the  theca  interna  were  506  by  450  /u,,  are  given  below. 


1st  cell  row  contains 
2nd 
3rd 
4th 
5th 
6th 
7th 

Remaining  part  of  granulosa 
contains 


4  per  cent  of  the  total  mitoses  of  the  follicles. 


1   "    "    "  " 

3    "      "     "    " 

2    tt      tt     tt    tt 

4    "      "     "    " 

2    tt      tt     tt    tt 

less  than    1    "      "     "    " 

80 


In  medium  follicles  the  remaining  part  of  the  granulosa  includes 
a  considerable  nimiber  of  cells  in  the  perioval  part  of  the  follicle, 
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while  in  small  follicles  with  a  cavity  the  remaining  part  of  the  granu- 
losa is  made  up  almost  entirely  of  cells  in  the  aboval  part. 

In  medium  follicles  the  migration  of  the  proliferating  area  from 
the  first  few  cell  rows  encircHng  the  egg  to  the  cells  near  the  theca 
behind  the  egg  (see  area  B  in  Text-fig.  2),  has  been  completed  and 
now  the  greatest  percentage  of  the  mitoses  of  the  follicle  occurs  in 
area  B,  as  we  shall  see  more  specifically  later  on,  and  hence  the 
majority  of  the  80  per  cent  of  the  mitoses  in  the  remaining  part  of 
the  granulosa  occurs  in  this  area. 

The  migration  of  the  area  of  greatest  mitotic  activity  reaches  its 
maxiinum  distance  from  the  egg  synchronously  with  the  maximum 
growth  energy  of  the  folhcle.  Perhaps  this  is  partly  accounted  for 
by  the  fact  that  the  cells  are  farther  apart  and  their  number  may  be 
relatively  smaller. 

The  analysis  of  the  locahzation  of  mitoses  in  large  folhcles  brought 
out  the  fact  that  the  observation  of  Loeb  that  mitoses  in  mature 
folhcles  are  limited  to  the  discus  proligerus,  also  to  a  certain  extent 
holds  good  in  large  folhcles  which  are  not  mature,  as  is  shown  by  the 
following  data. 

Several  large  follicles  were  studied  in  the  usual  way  and  it  was 
found  that  43  per  cent  of  their  total  mitoses  occurred  in  the  first  two 
cell  rows  encircHng  the  egg;  50  per  cent  occurred  in  the  perioval 
(Text-fig.  2),  and  7  per  cent  in  the  aboval  part.  The  percentage  of 
the  total  mitoses  has  increased  in  the  first  two  cell  rows  coincidently 
with  the  decrease  in  growth  energy  of  the  foUicle. 

The  difference  in  the  growth  energy  of  the  perioval  and  aboval 
parts  of  large  follicles  is  much  greater  than  in  medium  sized  ones,  as 
in  the  case  of  the  former  the  proliferative  power  of  the  aboval  part  has 
come  almost  to  a  standstill.  This  agrees  with  the  observation  of 
Loeb  that  degenerative  processes  usually  attack  the  cells  of  the  discus 
prohgerus  last. 

It  seems  reasonable  to  assume  on  the  basis  of  the  preceding  data 
that  the  egg  may  furnish  a  direct  stimulus  to  the  granulosa  cells, 
especially  in  view  of  the  fact,  as  will  be  brought  out  later,  that  the 
site  of  greatest  mitotic  activity  is  always  near  the  egg. 

We  next  compared  the  frequency  of  mitoses  in  the  peri-  and  aboval 
parts  of  the  folhcles.    We  also  compared  the  number  of  mitoses  in  the 
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aboval  part  reduced  to  the  sq.  ^^  equivalent  of  area  B,  with  the  latter, 
with  the  following  results. 

20  Small  Follicles. 

Perioval  part  contains  72  per  cent  of  the  total  mitoses. 
Aboval      "  "         26    "      "     "    "      " 

Area  B  contains  80  per  cent  of  the  total  mitoses. 
Aboval  part,  reduced  to  sq.  n  equivalent  of  area  B, 
contains  19  per  cent  of  the  total  mitoses. 

6  Medium  Follicles. 

Perioval  part  contains  66  per  cent  of  the  total  mitoses. 
Aboval      "  "         3)3,    "      "     "    "      " 

Area  B  contains  71  per  cent  of  the  total  mitoses. 
Aboval  part,  reduced  to  sq.  ix  equivalent  of  area  B, 
contains  25  per  cent  of  the  total  mitoses. 

2  Large  Follicles. 

Perioval  part  contains  93  per  cent  of  the  total  mitoses. 
Aboval      "  "  7    "      "     "    "      " 

Area  B  contains  85  per  cent  of  the  total  mitoses. 
Aboval  part,  reduced  to  sq.  yi  equivalent  of  area  B, 
contains  14  per  cent  of  the  total  mitoses. 

To  compare  area  B  with  the  aboval  area,  we  determined  the  num- 
ber of  sq.  fx  in  each  and  multiplied  the  number  of  mitoses  counted  in 
area  B  by  the  nimiber  of  times  the  aboval  part  exceeded  area  B  in 
sq.  ^. 

As  a  result  of  our  study  of  the  localization  of  mitoses  in  the  granu- 
losa cells  we  draw  the  following  conclusions:  (1)  In  all  folHcles  the 
large  majority  of  mitoses  occurs  in  the  perioval  part.  (2)  In  medium 
folHcles  where  the  percentage  of  mitoses  is  relatively  highest,  there 
are  more  mitoses  in  area  B  and  in  the  aboval  part  than  in  large  or 
small  follicles.  Moreover,  in  medium  follicles  there  is  a  relative 
preponderance  of  cells  some  distance  from  the  egg  as  compared 
with  large  and  small,  where  they  are  more  directly  around  the 
egg,  showing  that  with  increase  in  the  percentage  of  mitoses  in 
medium  follicles,  the  granulosa  cells  not  directly  around  the  egg, 
gain  relatively  more  in  prohferative  power  than  the  cells  around  the 
egg. 
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Growth  of  the  Follicle  under  Pathological  Conditions. 

We  analyzed  the  proliferative  power  of  follicles  under  two  patho- 
logical conditions:  {a)  In  follicles  in  which  part  of  the  granulosa  cells 
had  undergone  degeneration  by  karyorrhexis,  a  condition  which  cor- 
responds to  early  follicular  degeneration ;  (b)  secondly  we  investigated 
the  condition  in  the  follicles  of  hypotypical  ovaries. 

(a)  Growth  Energy  of  Follicles  in  Beginning  of  Degeneration  of  Granu- 
losa Cells. — Only  foUicles  which  showed  rather  extensive  degenera- 
tion by  karyorrhexis  were  considered.  In  this  form  of  atresia  the 
degeneration  is  usually  most  evident  in  the  cell  rows  nearest  the 
cavity  of  the  follicles.  The  growth  energy  in  these  follicles  was 
determined  in  the  same  way  as  in  normal  ones  and  only  those  cells 
were  counted  in  which  there  was  no  visible  degeneration.  The 
follicles  and  their  cavities  were  usually  somewhat  larger  than  medium 
follicles.  The  results  of  the  examination  of  twenty-seven  follicles 
with  partial  granulosa  degeneration  are  given  in  Table  VI. 

TABLE   VI. 

Percentage  of  Mitoses  in  Degeneratifig  Follicles. 


Guinea  pig 

No. 

Ovary. 

No.  of 
cells. 

No.  of 
mitoses. 

Percentage 
of  mitoses. 

Remarks. 

per  cent 

5 

1 

6,789 

14 

0.20 

2 

8,310 

45 

0.54 

6 

1 

7,247 

10 

0.13 

2 

2,304 

0 

0.0 

2 

1 

6,450 

29 

0.44 

2 

7,143 

50 

0.69 

3 

2,604 

0 

0.0 

Corpora  lutea  burned  out. 

4 

1 
2 

4,870 
4,036 

0 
1 

0.0 
0.02 

Found  dead. 

Total 

49,753 

149 

0.22* 
0.29t 

*  Average  percentage  of  mitoses. 
t  Absolute  percentage  of  mitoses. 

It  is  shown  here  that  both  the  absolute  and  average  percentage 
of  mitoses  of  the  cells  in  these  follicles  which  are  not  yet  degenerating 
are  much  lower  than  in  normal  follicles  of  the  same  size. 
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It  was  observed  during  this  study  that  the  majority  of  the  mitoses 
occurs  in  the  cells  of  the  discus  proligerus  and  that  the  percentage  of 
mitoses  is  proportionate  to  the  amount  of  degeneration;  the  more 
extensive  the  degeneration  the  weaker  is  the  proliferative  power  of 
the  cells  which  have  not  yet  degenerated. 

(b)  Growth  Energy  of  Follicles  of  Hypotypual  Ovaries. — Under  this 
designation  Loeb^  has  described  ovaries  which  he  has  observed  under 
several  conditions,  for  instance,  after  the  burning  out  of  corpora 
lutea,  etc.  H}^otypical  ovaries  are  smaller  than  normal;  they  are 
characterized  by  an  early  connective  tissue  atresia  of  follicles,  taking 
place  while  the  follicles  are  quite  small,  and  hence  there  are  no  large, 
no  mature  follicles,  and  for  the  time  being  the  ovary  is  sterile.  It  was 
our  intention  to  determine  if  possible  whether  the  failure  of  folHcles 
in  such  ovaries  to  grow  past  small  size  was  due  to  a  diminished  pro- 
liferative power  of  the  granulosa  or  to  an  increased  cell  destruction. 
We  may  mention  here  that  granulosa  degeneration  by  karyorrhexis 
does  not  take  place  in  the  hypotypical  ovaries  except  in  isolated  cells 
and  not  en  masse  as  in  normal  follicles. 

The  results  obtained  in  fifty-five  folhcles,  in  six  hypotypical  ovaries 
of  three  animals,  are  presented  in  Table  VII.  As  has  already  been 
mentioned,  the  follicles  in  hypotypical  ovaries  become  atretic  at  so 
early  a  stage  of  their  development  that  only  small  follicles  are  seen 
well  preserved.  The  average  diameters  of  the  space  lined  by  the 
theca  interna,  of  the  follicles  whose  figures  appear  in  Table  VII,  are 
as  follows. 

Long  diameter  of  space  lined  by  theca  interna  from  277  to  131  M;  average  209  M. 
Short         "         "     "  "       "       "  "         "     246    "211 /x;      "         178  M. 

Long         "         "    cavity  from  188  to  35  M;  average    91  M. 
Short         "         "      "  "     208  "  54  H;       "        135  M. 

Table  VII  shows  that  the  average  percentage  of  mitoses  (0.57) 
and  the  absolute  percentage  (0.55)  in  the  hypotypical  follicles  are 
nearly  the  same,  but  slightly  lower  than  in  normal  folhcles  of  the 
same  size. 

In  the  granulosa  cells  of  the  h^-potypical  folhcles,  those  cells  which 
remain  preserved  show  almost  the  same  proHferative  power  as  the 

^Loeb,  Zentr.  Physiol.,  1911-12,  .xxv,  342. 


260 


GROWTH   OF   THE   OVARIAN   FOLLICLE 


TABLE  VII. 
Percentage  of  Mitoses  in  Follicles  of  Hypotypical  Ovaries. 


Guinea  pig  No. 

Ovary. 

No.  of  cells. 

No.  of  mitoses. 

Percentage  of 
mitoses. 

9 
10 
11 

1 

2 

1 
2 
1 
2 

5,661 
5,668 
9,491 
2,463 
10,099 
8,703 

12 
24 
51 
27 
57 
61 

per  cent 

0.21 

0.42 

0.53 

1.0 

0.56 

0.70 

Total 

42,085 

232 

0.57* 
0.55t 

*  Average  percentage  of  mitoses. 
t  Absolute  percentage  of  mitoses. 

granulosa  cells  of  normal  follicles.  But  it  would  be  incorrect  to  state 
that  the  granulosa  as  such  in  hypotypical  follicles  shows  the  same  pro- 
liferative power.  Evidently  a  considerable  number  of  cells  which 
remain  preserved  in  normal  follicles  undergo  premature  solution  in 
hypotypical  follicles  and  these  cells  no  longer  proliferate.  Therefore 
the  absolute  number  of  mitoses  in  follicles  of  hypotypical  ovaries  is 
of  course  diminished.  It  is,  however,  of  interest  that  the  cells  which 
remain  show  only  slightly  less  proliferative  power  than  the  cells  of 
normal  follicles. 

We  also  made  comparative  studies  of  normal  and  hypotypical 
follicles,  (a)  We  compared  the  locahzation  of  mitoses  in  the  two 
kinds  of  follicles  and  found  that  the  localization  phenomenon  in  hypo- 
typical follicles  parallels  that  of  normal  folhcles  of  the  same  size. 
{h)  We  compared  the  size  of  the  nuclei  in  normal  and  hypotypical 
folhcles  by  measuring  them  at  various  phases  in  the  granulosa  in  a 
number  of  folhcles  of  each  kind.  It  was  found  that  on  the  whole  the 
nuclei  of  normal  follicles  slightly  exceeded  in  size  the  h>'po typical, 
(c)  The  relative  sizes  of  the  caxities  of  normal  and  hypotypical  fol- 
licles were  compared  and  we  found  that  the  cavity  of  the  hypotypical 
is  relatively  about  twice  as  large  as  that  of  the  normal  folhcle  of  the 
same  size. 
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SUMMARY  AND   CONCLUSIONS. 

1.  The  growth  energy  of  the  granulosa  cells  in  the  ovarian  foUicles 
of  normal  guinea  pig  ovaries  varies  with  the  size  of  the  follicle,  and 
follows  a  definite  growth  curve.  The  growth  energy  in  small  foUicles 
is  relatively  low,  then  a  gradual  rise  takes  place  with  increase  in  size 
of  the  folHcIe  up  to  a  maximum  which  is  reached  when  the  follicle 
attains  medium  size.  This  ascending  part  of  the  curve  is  followed 
by  a  gradual  fall  in  growth  energy  until  in  large  follicles  the  pro- 
liferative power  has  fallen  ahnost  to  the  level  of  small  folhcles.  Syn- 
chronously with  maturity  of  the  folhcles  there  is  an  abrupt  fall  in 
growth  energy  to  near  the  zero  point. 

2.  There  is  a  distinct  locaHzation  of  mitoses  in  the  folhcle.  The 
large  majority  of  mitoses  is  found  in  the  perioval  part.  With  in- 
crease in  the  growth  energy  which  characterizes  medium  folhcles, 
there  is  an  increase  in  the  prohferative  power  of  the  cells  more  distal 
to  the  egg,  but  still  near  the  egg.  We  may  therefore  conclude  on 
the  basis  of  our  observations  and  on  the  previous  observations  of 
Loeb,  that  the  egg  exerts  a  stimulus,  which  causes  proHferation  of  the 
granulosa  cells. 

3.  Under  pathological  conditions  certain  changes  occur  in  the 
growth  energy  of  the  folhcle:  (a)  Granulosa  degeneration  causes  in 
the  living  ceUs  a  diminution  in  the  prohferative  power  which  is  pro- 
portionate to  the  extent  of  the  degeneration,  (b)  Hypotypical  fol- 
hcles have  approximately  the  same  or  only  slightly  diminished  pro- 
hferative power  as  normal  ones,  and  thus  their  failure  to  grow  is 
essentially  due  to  disintegration  of  the  granulosa  cells. 


THE  RELATION  OF  APICAL  TUBERCULOSIS  OF  ADULTS 
TO  THE  FOCAL  TUBERCULOSIS  OF  CHILDREN. 

By  EUGENE  L.  OPIE,  M.D. 

(From  the  Department  of  Pathology  of  Washington  University  Medical  School, 

St.  Louis.) 

Plates  20  AND  21. 

(Received  for  publication,  April  2,  1917.) 

In  a  previous  article^  I  have  shown  that  the  lungs  of  almost  every  individual 
who  has  reached  adult  life  (18  years)  contain  foci  of  tuberculosis  which,  occurring 
in  any  part  of  the  lung  and  associated  with  tuberculosis  of  the  regional  lymphatic 
nodes,  have  the  characters  of  pulmonary  tuberculosis  in  childhood.  In  infancy 
tuberculosis  is  almost  invariably  fatal,  but  between  the  ages  of  2  and  18  years 
tuberculous  lesions  of  the  lung  heal  with  increasing  frequency  as  age  advances. 
Almost  every  child  is  spontaneously  inoculated  or  "vaccinated"  with  tuberculosis. 
The  early  experiments  of  Koch^  confirmed  by  subsequent  observers  have  shown 
that  a  first  infection  with  tuberculosis  modifies  the  course  of  a  second  infection. 
Koch's  fundamental  experiment  showed  that  the  injection  of  tubercle  bacilli 
into  the  subcutaneous  tissue  of  animals  already  infected  with  tuberculosis  caused 
a  reaction  at  the  site  of  infection  more  severe  than  that  of  the  first  infection,  but 
the  lesion  did  not  progress  and  there  was  no  involvement  of  the  regional  lymphatic 
nodes.  Experience  acquired  by  attempted  immunization  of  small  animals  and 
by  the  inoculation  of  cattle  with  tubercle  bacilli  of  human  type  has  demonstrated 
that  immunity  conferred  by  a  first  infection  with  tubercle  bacilli  is  relative  and 
not  absolute,  and  tends  to  diminish  and  perhaps  disappear  after  complete  healing 
of  the  tuberculous  lesions  caused  by  inoculation. 

Fatal  pulmonary  tuberculosis  of  adults  and  of  older  children 
with  few  exceptions  has  its  origin  in  the  apices  of  the  lungs  and  like 
the  second  infection  of  animals,  produced  by  Koch  and  others,  is 
unaccompanied  by  caseous  lesions  of  the  regional  lymphatic  nodes. 
These  characters  serve  to  separate  adult  from  infantile  tuberculosis. 
The  incidence  of  focal  and  apical  tuberculosis  of  the  lungs  in  a  series 
of  autopsies  on  children  and  adults  has  already  been  shown.^     It 

1  Opie,  E.  L.,  /.  Exp.  Med.,  1917,  xxv,  855. 

2  Koch,  Deutsch.  med.  Week,  1891,  xvii,  101. 

5  See  Tables  I  and  III  of  the  previous  article,^  pp.  857  and  865. 
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is  probable  that  the  percentage  of  focal  infections  in  adults  is  greater 
than  that  indicated  by  the  tables^  and  closely  approximates  100 
per  cent,  for  in  those  instances  in  which  no  pulmonary  lesion  was 
found  tuberculosis  of  lymphatic  nodes  in  two  instances  demonstrated 
only  by  microscopic  examination  suggested  the  probability  that 
corresponding  pulmonary  lesions  had  been  overlooked.  Even  if 
this  view  is  incorrect  it  may  be  assumed  that  tuberculosis  of  lymphatic 
nodes  or  of  other  organs  would  exert  an  influence  upon  resistance 
similar  to  that  of  primary  pulmonary  tuberculosis.  Nevertheless 
the  identification  of  a  focal  pulmonary  lesion  accompanied  by  tuber- 
culosis of  regional  lymphatic  nodes  in  the  lungs  of  an  adult  is  signif- 
icant, for,  as  the  tables  show,  it  indicates  that  tuberculosis  has  been 
acquired  in  childhood  and  presumably  antedates  an  apical  lesion 
with  which  it  may  be  associated.  Orth*  states  that  the  experience 
of  pathological  anatomy  contradicts  the  view  that  there  is  in  every 
instance  of  phthisis  an  older  lesion  which  has  had  its  origin  in  child- 
hood, and  in  most  individuals  who  have  died  of  phthisis  he  has  found 
no  such  older  lesion. 

In  view  of  the  character  of  the  material  which  has  been  available 
for  study  it  has  been  the  primary  purpose  of  the  present  investigation 
to  study  the  relation  of  non-lethal  apical  tuberculosis  to  the  focal 
tuberculosis  of  childhood.  Incidentally  there  has  been  an  oppor- 
tunity to  compare  healed  or  encapsulated  apical  tuberculosis  with 
progressive  apical  phthisis  and  to  determine  as  far  as  possible  whether 
apical  tuberculosis  has  a  greater  tendency  to  a  fatal  issue  in  those 
who  have  escaped  infection  in  childhood. 

Apical  lesions  have  been  regarded  as  tuberculous  when  microscopic 
examination  has  demonstrated  the  presence  of  recognizable  tubercles, 
when  caseation  has  occurred,  or  when  calcified  nodules  which  rep- 
resent the  site  of  former  caseation  are  embedded  within  fibrous 
tissue.  There  is  little  reason  for  doubting  that  the  fibrous  scars 
which  often  pucker  the  apical  pleura  and  usually  extend  as  wedge- 
shaped  masses  into  the  lung  substance  have  their  origin  in  tuberculous 
infection,  but  in  the  absence  of  recognizable  tubercles,  caseation,  or 
calcification  these  lesions  have  not  been  designated  tuberculous.  A 
healed  tuberculous  focus  consisting  of  fibrous  tissue  in  which  are 

^  Orth,  J..  Drci  Vortrage  iiber  Tuberkulose,  Berlin,  1913. 
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calcified  nodules  may  be  found  at  one  apex,  whereas  at  the  other 
there  is  only  fibrous  induration.  There  is  more  doubt  concerning 
the  nature  of  fibrous  induration  which  not  infrequently  involves  the 
pleura  over  a  circumscribed  area  at  the  apex  of  the  lung  and  does 
not  penetrate  into  the  underlying  lung  tissue.  This  pleural  indur- 
ation is  not  infrequently  found  at  the  apex  of  one  lung,  whereas 
there  is  a  fibrous  scar  at  the  apex  of  the  other  lung,  and  occasionally 
with  a  caseous  lesion  of  one  lung  the  opposite  apical  pleura  is 
indurated. 

Table  I  shows  the  frequency  with  which  apical  tuberculous  lesions 
have  occurred  at  various  ages  in  autopsies  on  adults  and  children. 


TABLE   I. 


No.  of 
autopsies. 


Active  apical  tuberculosis. 


Encapsulated  apical 
tuberculosis. 


Total  apical 
pulmonary 
tuberculosis. 


Children. 


yrs. 

per  cent 

per  cent 

per  cent 

Under  1 

43 

— 

— 

—    ■ 

— 

— 

1-  2 

16 

— 

— 

— 

— 

— 

2-  5 

14 

— 

— 

— 

— 

— 

5-10 

11 

— 

— 

— 

— 

— 

10-18 

9 

1 

11.1 

— 

— 

11.1 

Adults. 


18-30 

6 

1 

16.7 





16.7 

30-50 

23 

1 

4.3 

2 

8.7 

13.0 

50-70 

15 

1 

6.7 

3 

20.0 

26.7 

70+ 

6 

— 

— 

3 

50.0 

50.0 

The  number  of  cases  in  each  group  is  small  and  the  percentages 
represent  only  crudely  the  incidence  of  the  various  lesions  at  various 
ages.  Nevertheless  they  show  that  the  incidence  of  encapsulated 
and  healed  tuberculosis  increases  with  increasing  age  whereas  there 
is  no  similar  increase  in  the  incidence  of  active  tuberculosis. 

Table  II  shows  the  frequency  of  induration  affecting  the  apical 
pleura  and  of  fibrous  scars  at  the  apices  of  the  lungs. 

The  table  shows  that  these  purely  fibrous  lesions  like  healing  or 
healed  apical  lesions  which  are  demonstrably  tuberculous  are  uncom- 
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TABLE   n. 


Age. 


No.  of 
autopsies. 


Induration  of  apical  pleura. 


Scars  within  apex. 


Children. 

yrs. 

per  cent 

per  tent 

Under  1 

43 

— 

— 

— 

- 

1-  2 

16 

- 

- 

- 

- 

2-  5 

14 

— 

— 

— 

— 

5-10 

11 

- 

- 

- 

— 

10-18 

9 

— 

— 

— 

— 

Adults. 


18-30 

6 

1 

16.7 

1 

16.7 

30-50 

23 

4 

17.4 

4 

17.4 

50-70 

15 

6 

40.0 

5 

ZZ.Z 

70+ 

6 

2 

Zl.Z 

1 

16.7 

mon  in  early  adult  life,  but  increase  in  frequency  as  age  progresses. 
They  do  not  increase  after  the  age  of  70  years  because  at  this  time 
pulmonary  apices  of  over  half  of  all  individuals  are  occupied  by 
frankly  tuberculous  lesions. 

Apical  pleural  induration  in  all  instances  has  been  accompanied 
by  demonstrably  tuberculous  lesions  in  some  other  part  of  the  lungs. 

Table  I  contains  eight  instances  of  encapsulated  apical  tuberculosis. 
In  these  lungs  focal  tuberculous  lesions  have  been  found  in  associa- 
tion with  the  apical  lesions  and  without  doubt  have  antedated  them. 
The  situation  of  the  focal  lesion  in  relation  to  the  apical  lesion  is 
shown  by  Text-figs.  1  to  7^'  ®  and  in  x-ray  plates  (Figs.  1,2,  and  3). 
These  focal  lesions  have  been  in  most  instances  firmly  calcified  and 
completely  healed;  in  five  (Text-figs.  1  to  Z'-''  ^)  of  eight  instances  the 
focal  nodules  have  been  of  almost  stony  hardness.  In  two  instances 
(Text-figs.  4  and  5)  the  focal  lesions  have  been  caseous  and  partly 
calcified  (mortar-like),  and  in  one  instance  (Text-fig.  6)  calcified, 
partially  calcified,  and  encapsulated  caseous  foci  have  been  found  in 
the  lungs. 


*  See  also  Text-fig.  7  of  the  previous  article.' 

•  See  also  Te.xt-fig.  8  of  the  previous  article.* 


Text-Fig.  1.  Anterior  view  of  the  lungs  of  a  white  woman,  age  54  years, 
who  died  after  hysterectomy  for  carcinoma  of  the  cervix.  There  are  three 
encapsulated  nodules  in  the  upper  part  of  the  right  upper  lobe  and  calcified  nodules 
are  found  in  lymph  glands  at  the  hilus  of  the  right  upper  lobe  and  at  the  bifurca- 
tion of  the  trachea.  There  is  an  indurated  fibrous  area  containing  a  caseous  focus 
situated  in  contact  with  the  pleura  of  the  external  surface  of  the  left  upper  lobe 
a  short  distance  below  the  apex  of  the  lung.  The  pleura  over  this  area  is  puckered 
and  at  one  place  drawn  far  into  the  substance  of  the  lung. 


Text-Fig.  2.  Posterior  view  of  the  lungs  of  a  colored  woman,  age  60  years, 
who  died  of  chronic  endocarditis,  general  arteriosclerosis,  and  cerebral  embolism. 
In  the  right  lower  lobe  below  the  pleura  of  the  external  surface  are  three  small 
encapsulated  calcified  nodules  and  in  the  substance  of  the  lobe  is  a  fourth  calcified 
nodule.  In  the  lymph  nodes  at  the  hilus  of  the  right  lower  lobe  and  at  the  bi- 
furcation of  the  trachea  are  calcified  nodules.  Just  below  the  apex  of  the  left 
upper  lobe  continuous  with  the  indrawn  pleura  is  a  thick  strand  of  pigmented 
fibrous  tissue  which  passes  into  the  substance  of  the  lobe  and  is  continuous  with 
an  area  of  fibrous  induration  containing  two  caseous  areas. 
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Text-Fig.  3.  Median  view  of  the  lungs  of  a  white  man,  age  61  years,  who 
died  of  hypernephroma  of  the  kidney  with  metastases  to  the  liver,  lymph  nodes, 
and  bone,  general  arteriosclerosis,  chronic  passive  congestion  of  viscera,  ascites, 
and  pleural  effusion.  There  is  a  calcified  nodule  in  the  lower  part  of  the  upper 
left  lobe  and  calcified  nodules  occur  in  adjacent  lymphatic  nodes  and  in  a  lym- 
phatic node  above  the  right  bronchus.  At  the  apex  of  the  left  lung  continuous 
with  the  pleura  of  the  median  surface  just  below  the  apex  is  a  narrow  mass  of 
fibrous  tissue  containing  a  small  caseous  area. 


Text -Fig.  4.  Median  view  of  the  lungs  of  a  white  man,  age  73  years,  who 
died  with  carcinoma  of  the  sigmoid  flexure  of  the  colon,  intestinal  obstruction, 
perforation  of  the  intestine  and  peritonitis,  arteriosclerosis,  chronic  nephritis 
with  granular  kidneys,  hypertrophy  of  the  heart,  and  myocarditis.  In  the  lower 
part  of  the  left  upper  lobe  are  three  encapsulated  partially  calcified  caseous  nodules. 
In  lymph  nodes  below  the  left  bronchus  and  at  the  bifurcation  of  the  trachea  are 
partially  calcified  caseous  nodules.  Just  below  the  apex  of  the  right  upper  lobe 
extending  from  the  indrawn  pleura  into  the  substance  of  the  lung  is  a  coarse 
strand  of  fibrous  tissue  within  which  is  a  partially  calcified  caseous  nodule. 
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The  apical  lesions  have  in  several  instances  occupied  the  greater 
part  o  one  or  both  apices  and  have  consisted  of  nlerous  cTseous 
tubercles  embedded  in  fibrous  tissue  pign^ented  black  by  fahrt^n 
Pigment  (F.gs.  1  and  3  and  Text-figs.  6  and  7'.  •).  fo  other  instances 
the  lesion  has  consisted  of  strands  or  masses  of  fibrous  tissue"  wMch 

.     lext-figs.  1  to  5).     In  every  instance  the  lesion  is  at  some  point 
m  contact  with  the  pleural  surface  near  the  apex  of  the   ung  ^Th 
pleura  at  the  site  of  contact  with  the  lesion  is  puckered  and  not 
infrequently  deeply  drawn  into  the  lesion  (Text'figs.  1    2   "nd  4T 
In  the  instances  which  have  been  cited  slowly  pfogre  si^eTuber 
culosis  characterized  by  abundant  formation  of  fibrfus  fesue  ts 
occurred  at  the  apex  of  the  lung  and  has  been  associated  ™  h  foca 
pulmonary  lesions  doubtless  acquired  in  childhood.     In  one  instance 
owly  progressive  tuberculosis  of  organs  other  than  the  lung  i^mely 
he  adrenals   accompanied  focal  encapsulated  caseous  lesions  of  thl 

lesTo™  tte      "''';  T'  "l  ''^  "^"^^  '""« ''"^  --P-^'t^d  cate  u 
ksions  of  the  re^onal  lymphatic  nodes.    Pigmentation  of  the  skin 
with  general  weakness  had  been  noted  4  years  before  death  anH 
autopsy  the  adrenals  were  found  transformed  into  massef  of  de„ 
fibrous  tissue  contaming  caseous  spots.     It  is  noteworthy  that  the 

^ZlnTT'^'T  '"'  -^^"""^  ^°^  encapsulatedfbg^nS; 
ca  cification  of  the  pulmonary  lesion  indicated  that  it  wafoldef 
than  those  found  m  other  organs 

aged  rye"':  wlJlT'"-  '1  'j'^-'-P-l  tuberculosis  in  a  woman 
MthZuTf       /       '  ^"'^  >mplicated  a  considerable  part  of  the 

^rmetast^sltt'hV"'?  ™''  ^^"'™"^  "^  ''^  ^™ 
^use  rf  de,T    T  T  ''  ^'"''  '""^  Peritoneum  was  not  the 

cause  of  death     In  the  upper  and  lower'lobes  on  the  right  side  ther! 

U  ned  SnVaf ;  d   T"  ^"'  '''  '^^°"^'  '>™P'^-^  -^"-  " 

fesue  wl^idex t  ;.     f'  ^"''""  °^  ''''""•^''"'  P'S^^^-^d  fibrous 
tissue  was  index  of  the  slow  progress  of  the  lesion.     It  is  not  imnroh- 

able  that  associated  cancer  produced  conditions  favorableTo  th^ 
extension  of  an  apical  lesion.  lavorable  to  the 

One  instance  of  fatal  tuberculosis  of  the  lung  compUcated  hv  th. 
presence  of  chronic  peritonitis  and  chronic  un^aterTpCty'd  t 
not  admit  of  any  conclusion  concerning  the  primary  seat'of"2ct^::! 
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Text- Fig.  5. 


Text-Fig.  6. 


Text-Fig.  5.  Median  view  of  the  lungs  of  a  white  man,  age  40  years,  who  died 
of  anthracosis  of  the  lungs,  hypertrophy  of  the  right  heart,  and  central  necrosis 
of  the  liver.  In  the  left  upper  lobe  are  two  caseous  partly  calcified  nodules,  the 
larger  1.2  cm.  across;  in  regional  lymphatic  nodes  within  the  lung  above  the  right 
bronchus  and  at  the  bifurcation  of  the  trachea  are  caseous  partly  calcified  nodules. 
At  the  apex  of  the  right  lung  continuous  with  the  puckered  pleura  is  deeply  pig- 
mented fibrous  tissue  containing  three  small  calcified  nodules  and  one  caseous 
area.  In  the  substance  of  the  upper  right  lobe  near  the  apex  is  a  fibrous  area  in 
which  are  two  calcified  nodules. 

Text-Fig.  6.  Median  view  of  the  lungs  of  a  white  man,  age  74  years,  who  died 
after  resection  of  the  cecum  for  carcinoma  with  purulent  peritonitis,  general 
arteriosclerosis,  and  chronic  nephritis.  In  the  right  middle  lobe  is  a  calcified 
nodule  1.2  cm.  across,  and  nearby  just  below  the  pleura  are  a  number  of  small 
calcified  nodules.  In  the  right  lower  lobe  is  a  partially  calcified  encapsulated 
caseous  nodule.  At  the  hilus  of  the  right  middle  and  lower  lobes  are  two  lym- 
phatic nodes  containing  encapsulated  caseous  foci.  In  the  left  lower  lobe  is  an 
encapsulated  partially  calcified  caseous  focus,  and  a  similar  focus  occurs  in  an 
adjacent  lymph  node.  Two  small  calcified  nodules  occur  below  the  pleura  of  the 
median  surface  of  the  left  upper  lobe.  The  apex  of  the  right  upper  lobe  is  oc- 
cupied by  a  consolidated  fibrous  area  1.5  cm.  in  thickness.  It  contains  several 
small  smooth-walled  cavities  about  3  mm.  in  diameter.  A  fibrous  strand  ex- 
tends downward  from  this  indurated  area  and  surrounds  a  caseous  focus.  A 
second  caseous  focus  surrounded  by  fibrous  tissue  occurs  in  the  lung  substance 
nearby.  The  apex  of  the  left  upper  lobe  shows  fibrous  induration  similar  to  that 
on  the  right  side  forming  a  zone  0.5  cm.  in  thickness. 
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there  was  a  small  caseous  focal  lesion  in  the  upper  lobe  of  the  right 
lung  but  the  lymphatic  nodes  at  the  hilus  of  the  lobe  contained  no 
tuberculous  lesions.  This  focal  lesion  was  recognized  by  its  shadow 
2  mm.  across  cast  upon  an  x-ray  plate  and  doubtless  contained  some 
calcium  salts,  although  there  was  no  macroscopic  evidence  of  cal- 
cification. With  chronic  tuberculous  pleurisy  there  was  efifusion 
into  the  left  pleural  cavity,  atelectasis  of  the  left  lung,  and  chronic 
tuberculous  peritonitis  with  adhesions  firmly  matting  together  the 
intestines.  There  was  active  caseous  tuberculosis  of  the  right  lung 
most  advanced  near  the  median  surface  of  the  organ  where  the  lung 
had  been  subjected  to  the  pressure  of  the  effusion  in  the  left  pleural 
cavity.  There  was  some  fibrous  induration  at  the  apex  of  the  com- 
pressed left  lung.  The  tuberculous  lesion  of  the  peritoneum  and 
pleura  was  characterized  by  the  new  formation  of  abundant  fibrous 
tissue  and  had  pursued  a  chronic  course. 

It  is  noteworthy  that  in  two  instances  pulmonary  tuberculosis 
has  been  the  cause  of  death  and  in  neither  of  these  cases  were  pre- 
existing focal  lesions  found  in  the  lungs. 

Text-fig.  8  is  a  diagram  of  tuberculous  lesions  in  the  lungs  of  a 
child  11  years  of  age.  Almost  the  entire  right  upper  lobe  including 
the  apex  is  consolidated,  in  large  part  caseous,  and  contains  numerous 
cavities.  The  upper  part  of  the  left  upper  lobe  contains  similar 
consoHdated  areas  in  which  are  cavities.  The  remainder  of  the  lungs 
contains  scattered  tubercles.  Lymphatic  nodes  at  the  hilus  of  the 
right  lung  and  along  the  right  side  of  the  trachea  are  much  enlarged 
and  succulent;  there  is  no  evident  caseation,  but  microscopic  examina- 
tion shows  the  presence  of  scattered  caseous  tubercles.  The  lungs 
were  cut  into  thin  sections  and  no  focal  lesions  were  recognized. 
There  were  tuberculosis  of  the  larynx,  tuberculous  ulcers  of  the 
intestine,  and  tuberculous  peritonitis.  The  von  Pirquet  tuberculin 
test  was  negative  6  weeks  before  death. 

The  second  instance  of  fatal  tuberculosis  (Text-fig.  9)  is  a  remark- 
able example  of  acute  rapidly  progressive  disease  terminating  with 
tuberculosis  of  the  bodies  of  the  lumbar  vertebrse,  psoas  abscess, 
tuberculosis  of  retroperitoneal  l3nnphatic  nodes,  tuberculosis  of  the 
thoracic  duct,  and  disseminated  miliary  tuberculosis  in  a  man  with 
no  old  focal  tuberculous  lesion  of  the  lung.     An  apical  lesion  which 
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Text-Fig.  7. 


Text-Fig.  8. 


Text-Fig.  7.  Posterior  view  of  the  lungs  of  a  white  woman,  age  39  years, 
who  died  of  carcinoma  of  the  stomach  and  metastatic  carcinoma  of  the  ovaries, 
liver,  and  peritoneum.  There  is  chronic  pulmonary  tuberculosis  with  abundant 
formation  of  fibrous  tissue  at  the  upper  part  of  the  left  upper  lobe;  cavities  have 
been  formed.  Several  scattered  areas  of  similar  consolidation  occur  in  other  parts 
of  the  lungs;  a  consolidated  partially  caseous  area  in  the  mid-part  of  the  right 
lung  has  been  omitted  from  the  diagram.  There  is  an  encapsulated  calcified 
nodule  3.5  cm.  across  in  the  upper  part  of  the  right  lower  lobe;  calcified  foci  are 
found  in  lymphatic  nodes  at  the  hilus  of  the  same  lobe,  at  the  bifurcation  of  the 
trachea,  and  above  the  right  bronchus. 

Text-Fig.  8.  Anterior  view  of  the  lungs  of  a  white  child,  age  11  years,  who 
died  of  pulmonary  tuberculosis  with  cavity  formation,  tuberculous  ulceration 
of  the  larynx,  tubercles  in  tonsil,  intestine,  and  liver,  and  tuberculous  peritonitis. 
The  von  Pirquet  tuberculin  reaction  was  negative  6  weeks  before  death.  There 
is  tuberculosis  with  cavity  formation  involving  both  apices  but  much  more  ad- 
vanced on  the  right  side.  Lymphatic  nodes  at  the  hilus  of  the  right  upper  lobe, 
about  the  right  bronchus,  and  along  the  right  side  of  the  trachea  are  much  en- 
larged and  contain  tubercles. 
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had  undergone  caseation  was  found  in  the  left  lung  immediately  below 
the  pleura.  In  continuity  with  this  lesion  was  a  small  dilated  bron- 
chus, of  which  the  wall  was  caseous.  Below  the  level  of  this  caseous 
bronchus  were  numerous  patches  of  tuberculous  bronchopneumonia. 
The  remainder  of  both  lungs  was  occupied  by  numerous  miliary 
tubercles.  An  x-ray  plate  (Fig.  4)  demonstrates  the  absence  of 
calcified  nodules  within  the  substance  of  the  lung  or  in  the  regional 
lymphatic  nodes. 

It  is  particularly  significant  that  in  the  absence  of  focal  pulmonary 
lesions  lymphatic  nodes  within  the  substance  of  the  left  upper  lobe 
in  proximity  to  the  apical  lesion  and  at  the  hilus  of  the  lobe  are  en- 
larged and  caseous  (Text-fig.  9).  It  may  be  assumed  that  in  the 
absence  of  preexisting  tuberculosis  the  apical  lesion  has  caused  active 
tuberculosis  of  the  regional  lymphatic  nodes.  The  apical  lesion  has 
acted  as  a  first  infection. 

This  relation  of  the  regional  l>Tnphatic  nodes  to  a  first  infection 
with  tuberculosis  is  well  illustrated  by  the  spontaneous  occurrence  of 
tuberculosis  in  a  macaque  monkey  kept  in  confinement.  The  entire 
left  lung  with  the  exception  of  a  small  area  at  the  base  is  the  site  of 
tuberculous  pneumonia  with  widespread  caseation  (Text-fig.  10). 
The  lymphatic  nodes  at  the  hilus  of  the  affected  lung  are  greatly 
enlarged  and  partially  caseous. 

The  relation  of  the  focal  tuberculous  lesions  usually  acquired  in 
childhood  and  of  the  corresponding  lesions  of  regional  lymphatic 
nodes  to  coexisting  apical  tuberculosis  furnishes  no  evidence  that  the 
apical  lesion  is  derived  from  the  preexisting  focal  lesion.  In  most 
instances  the  focal  pulmonary  lesion  and  the  accompan}ang  lesions 
of  lymphatic  nodes  have  been  firmly  calcified  and  completely  healed 
whereas  the  apical  lesion  is  caseous  (Text-figs.  1  to  S^- «). 

There  is  little  probabihty  that  tuberculous  infection  has  been 
transmitted  by  way  of  the  lymphatics  from  the  focal  lesion  of  the 
lung  or  of  the  regional  lymphatic  nodes  to  the  apex.  The  large 
lymphatic  trunks  of  the  lung  fall  into  two  groups;  namely,  superficial 
collecting  trunks  which,  situated  below  the  pleura,  pass  to  the  lym- 
phatic nodes  at  the  hilus  of  the  lung,  and  deep  collecting  trunks  which 
follow  the  bronchi,  the  pulmonary  arteries,  and  the  pulmonary  veins 
to  the  nodes  at  the  hilus  of  the  lungs.     It  is  not  improbable  that 
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Text-Fig.  9. 


Text-Fig.  10. 


Text-Fig.  9.  Anterior  view  of  the  lungs  of  a  colored  man,  age  28  years,  who 
died  of  pulmonary  tuberculosis,  tuberculosis  of  the  body  of  the  second  lumbar 
vertebra,  psoas  abscess,  tuberculosis  of  retroperitoneal  lymphatic  nodes,  tuber- 
culosis of  the  thoracic  duct,  and  disseminated  miliary  tuberculosis.  The  lungs 
are  studded  with  miliary  tubercles.  At  the  apex  of  the  left  lung  below  the  pleura 
of  the  external  aspect  of  the  lung  is  a  caseous  area  2  by  2  cm.  on  the  surface  ex- 
tending in  wedge-shaped  form  1.5  cm.  into  the  lung.  At  the  apex  of  the  wedge 
is  a  dilated  bronchus  with  caseous  wall.  In  the  substance  of  the  left  upper  lobe 
in  a  line  between  the  tuberculous  lesion  in  the  apex  and  the  hilus  of  the  lung  are 
enlarged  partially  caseous  lymphatic  nodes.  About  the  left  bronchus  and  at 
the  bifurcation  of  the  trachea  are  similar  freshly  caseous  enlarged  lymphatic 
nodes. 

Text-Fig.  10.  Anterior  view  of  the  lungs  of  a  macaque  monkey  which  died 
of  tuberculous  pneumonia  involving  almost  the  entire  left  lung.  Lymphatic  nodes 
at  the  hilus  of  the  left  lung  are  greatly  enlarged  and  caseous. 
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lesions  of  lymphatic  trunks  or  of  lymphatic  nodes  may  cause  a  reversal 
of  the  current  within  lymphatics.  In  four  instances  (Text-figs. 
1,  2,  and  7^)  focal  pulmonary  lesions  have  been  situated  in  the  right 
lung  whereas  there  has  been  an  apical  lesion  only  on  the  left  side. 
In  two  instances  (Text-fig.  4^)  with  focal  lesions  in  the  left  lung  apical 
lesions  have  been  found  only  on  the  right  side.  The  probability  of 
transmission  by  lymphatic  channels  from  the  lung  or  lymphatic 
nodes  on  the  one  side  to  the  apex  of  the  opposite  lung  is  scant. 

SUMMARY. 

The  age  incidence  of  focal  tuberculous  lesions  of  the  lungs  demon- 
strates that  they  have  their  origin  in  most  instances  in  childhood. 
Focal  lesions  which  heal  have  been  found  at  all  ages  after  the  2nd 
year  of  life,  but  in  more  than  half  of  all  individuals  these  lesions  are 
acquired  between  the  ages  of  10  and  18  years.  In  the  period  between 
18  and  30  years  at  least  85  per  cent  of  all  individuals  have  acquired 
focal  tuberculous  lesions.  The  occurrence  of  tuberculous  infection 
in  the  lungs,  in  regional  lymphatic  nodes,  or  in  some  other  organs  of 
the  body  such  as  the  gastrointestinal  tract  and  its  lymphatic  system, 
is  nearly  universal  but  doubtless  a  few  individuals  escape.  That 
focal  tuberculous  lesions  of  the  lung  are  occasionally  acquired  during 
adult  life  is  shown  by  the  slight  increase  in  the  proportion  of  those 
with  these  lesions  as  age  increases  from  18  years  to  old  age.^ 

Apical  lesions  of  the  lung  make  their  appearance  in  later  childhood 
and  occur  with  increasing  frequency  from  adolescence  to  old  age 
(50  per  cent).  After  the  2nd  year  of  life  focal  tuberculous  lesions 
occurring  in  situations  other  than  the  apices  of  the  lungs  tend  to 
heal  and  after  the  10th  year  focal  lesions  are  almost  invariably  en- 
capsulated and  latent  or  healed.  Fatal  tuberculosis  after  the  10th 
year  is  with  few  exceptions  apical  in  origin.  The  apices  are  not  only 
more  susceptible  to  infection  in  later  life  but  once  infected  afford 
less  resistance  to  the  extension  of  the  lesion. 

The  present  series  of  cases  has  furnished  opportunity  to  observe 
the  character  of  the  apical  lesion  in  lungs  of  individuals  previously 
infected  with  tuberculosis.  With  one  exception  the  apical  lesion 
(in  eight  instances)  has  pursued  a  chronic  course  and,  encapsulated 
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by  fibrous  tissue,  has  remained  limited  to  the  extreme  apex  of  the 
lung.  In  one  instance  in  a  woman  with  advanced  mahgnant  disease 
chronic  pulmonary  tuberculosis  has  been  progressive.  Tuberculosis 
of  the  apices  in  those  who  have  previously  acquired  a  focal  tuberculous 
lesion  has  pursued  a  chronic  course  and  in  most  instances  has 
remained  latent  or  has  completely  healed. 

A  very  small  group  of  instances  of  fatal  pulmonary  tuberculosis 
suggests  that  apical  lesions  in  those  who  have  not  undergone  previous 
infection  may  assume  an  unusually  severe  character.  One  instance 
of  apical  tuberculosis  unaccompanied  by  focal  lesions  and  followed 
by  tuberculosis  of  the  thoracic  duct  and  disseminated  miliary  tuber- 
culosis has  been  especially  significant.  Apical  tuberculosis  unac- 
companied by  evidence  of  preexisting  tuberculosis  may  be  accom- 
panied by  tuberculosis  of  the  regional  lymphatic  nodes,  whereas 
apical  tuberculosis  in  an  individual  with  a  preexistent  focal  tubercu- 
lous lesion  is  not  followed  by  tuberculosis  of  adjacent  lymphatic 
nodes.  It  is  well  known  that  tuberculosis  in  previously  uninfected 
animals  is  followed  by  tuberculosis  of  adjacent  lymphatic  nodes, 
whereas  a  second  infection  fails  to  impHcate  the  regional  lymphatic 
nodes.  This  relation  has  been  well  illustrated  by  the  lungs  of  a 
monkey  which  acquired  in  confinement  acute  tuberculous  pneumonia 
limited  to  the  left  lung;  the  lymphatic  nodes  on  this  side  were  greatly 
enlarged  and  caseous. 

The  following  observations  indicate  that  apical  tuberculosis  of 
adults  is  not  the  result  of  infantile  tuberculosis  but  is  caused  by 
subsequent  infection:  (a)  Apical  tuberculosis  does  not  have  its 
highest  incidence,  in  accordance  with  common  belief,  in  early  adult 
life  when  focal  infections  acquired  in  childhood  are  relatively  fresh 
and  active  but  is  more  common  in  later  fife  when  the  focal  lesions  of 
childhood  have  in  most  instances  completely  healed.  It  is  noteworthy 
that  most  of  these  apical  lesions  of  later  Kfe  pursue  a  chronic  course 
and  are  discovered  at  autopsy  in  individuals  who  have  died  from  other 
causes,  (b)  The  well  characterized  lesions  of  tuberculosis  acquired 
in  childhood  and  found  in  adults  with  apical  lesions  are  almost  in- 
variably calcified  and  healed.  The  apical  lesion  is  in  most  instances 
relatively  fresh  and  caseous  whereas  the  focal  pulmonary  lesion  and 
associated  lesions  of  regional  lymphatic  nodes  exhibit  no  e\ddence 
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of  activity,  (c)  In  a  large  proportion  of  instances  of  associated  focal 
and  apical  tuberculosis  the  focal  lesion  is  in  one  lung,  whereas  the 
apical  lesion  is  limited  to  the  opposite  apex.  This  relation  affords 
no  support  to  the  view  that  tuberculous  lesions  may  be  transmitted 
to  the  apex  by  way  of  the  lymphatics. 

EXPLANATION  OF  PLATES. 

Plate  20. 

Fig.  1 .  X-ray  plate  of  the  lungs  of  a  man,  age  74  years.  There  is  a  consolidated 
area  at  the  left  apex  containing  caseous  foci  impregnated  with  enough  calcium 
salts  to  cast  shadows  upon  the  plate.  In  the  right  lower  lobe  and  in  adjacent 
lymphatic  nodes  are  completely  healed  firmly  calcified  nodules.^ 

Fig.  2.  X-ray  plate  of  the  lungs  of  a  man,  age  40  years.  The  positions  of  the 
right  and  left  lungs  are  reversed  in  the  plate.  At  the  right  apex  continuous  with 
the  pleura  are  strands  of  fibrous  tissue  in  which  occur  small  caseous  and 
calcified  areas.  In  the  right  upper  lobe  below  the  apex  is  a  small  fibrous  patch 
containing  two  caseous  partially  calcified  spots.  In  the  left  upper  lobe  near  the 
inner  surface  is  a  firmly  calcified  encapsulated  nodule  1  cm.  across.  Caseous 
areas  of  mortar-like  consistency  occur  in  regional  lymphatic  nodes.  No  nodule 
was  found,  after  prolonged  search,  corresponding  to  the  shadow  2  cm.  across  in 
the  lower  right  lobe.     Compare  with  Text-fig.  5  from  the  same  lungs. 

Plate  21. 

Fig.  3.  X-ray  plate  of  the  lungs  of  a  man,  age  74  years.  The  positions  of  the 
right  and  left  lungs  are  reversed  in  the  plate.  At  the  apex  of  the  right  lung  there 
is  an  indurated  area  containing  a  caseous  spot.  The  apex  of  the  left  lung  is 
indurated.  In  the  right  middle  and  lower  lobes,  in  the  left  lower  lobe,  and  in 
regional  lymphatic  nodes  are  calcified,  partially  calcified,  or  caseous  nodules. 
Compare  with  Text-fig.  6  from  the  same  lungs. 

Fig.  4.  X-ray  plate  of  the  lungs  of  a  man,  age  28  years,  who  died  of  acute 
miliary  tuberculosis.  There  are  no  shadows  suggesting  the  presence  of  calci- 
fied nodules  in  the  lungs  or  in  their  lymphatic  nodes.  Compare  with  Text-fig. 
9  from  the  same  lungs. 

^  Text-fig.  8  of  the  previous  article    is  a  diagram  of  these  lungs. 
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(Opie:  Tuberculosis  of  adults  and  children.; 
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(Opie:  Tuberculosis  of  adults  and  children.) 


CICATRIZATION  OF  WOUNDS. 

IX.     Influence  on  the  Healing  of  Wounds  of  Varlations  in 
THE  Osmotic  Tension  of  the  Dressing. 

By  ALEXIS  CARREL,  M.D.,  P.  LECOMTE  DU  NOUY,  and  ANNE  CARREL. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,  New  York, 
and  Hospital  21,  Compiegne,  France.) 

(Received  for  publication,  March  22,  1917.) 

In  previous  articles  it  has  been  shown  that  the  curve  representing 
the  process  of  cicatrization  of  an  aseptic  wound  is  geometric,^-  ^ 
and  can  be  calculated  by  the  formula  of  du  Noiiy.  The  compari- 
son of  the  calculated  and  observed  curves  alters  the  study  of  the 
effect  upon  cicatrization  of  a  substance  applied  to  the  surface  of  the 
wound.  If  the  daily  decrease  of  the  area  of  a  wound  is  known,  and 
if  the  wound  is  maintained  in  a  condition  of  surgical  asepsis,  the 
modifications  in  the  rate  of  the  healing  process  can  be  attributed  to 
the  special  action  of  the  substance  apphed,  and  the  extent  of  this 
action  can  be  accurately  measured. 

Up  to  the  present  it  has  not  been  known  to  what  degree  the  rate 
of  cicatrization  of  a  wound  can  be  affected  by  the  dressing.  Surgeons 
have  studied  the  influence  of  so  called  heahng  substances  when 
applied  to  wounds,  but  no  precise  conclusion  has  resulted  from  these 
observations.  No  method  existed  of  measuring  exactly  the  surface 
of  a  wound  and  of  calculating  with  any  degree  of  accuracy  the  rate 
of  the  healing  process.  On  the  other  hand,  the  bacteriological  con- 
dition of  the  wounds  experimented  upon  was  never  taken  into  con- 
sideration. Such  modifications  of  the  rate  of  healing  as  were  noticed 
might  be  equally  attributable  to  the  action  of  the  substance  employed 
upon  the  bacteria  of  the  wound  as  to  the  tissues  themselves. 

^  Carrel,  A.,  and  Hartmann,  A.,  J .  Exp.  Med.,  1916,  xxiv,  429. 
2  du  Noiiy,  P.  L.,  /.  Exp.  Med.,  1916,  xxiv,  451. 
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The  following  experiments  were  undertaken  to  ascertain  whether 
modifications  in  the  osmotic  tension  of  the  dressing  exert  an  influ- 
ence on  the  rate  of  repair. 

EXPERIMENTAL. 

Surface  wounds  already  covered  with  granulating  tissue  were 
selected.  The  normal  rate  of  cicatrization  of  the  wound  was  first 
obtained  by  sterilization  with  Dakin's  hypochlorite  solution  or 
Daufresne's  chloramine  paste.  The  experiment  was  started  as  soon 
as  the  regular  progress  of  the  observed  curve,  as  compared  with  the 
curve  calculated  according  to  du  Noiiy's  formula,  was  established. 
The  measurements  of  the  wound  and  the  plotting  of  the  curve  were 
made  according  to  the  technique  previously  described.  Distilled 
water  or  h^'pertonic  solution  was  applied  to  the  surface  of  the  wound 
by  means  of  small  perforated  rubber  tubes  bound  at  the  extremities 
and  enveloped  by  a  small  cylindrical  pad  of  Turkish  towehng.  The 
length  of  the  pad  varied  from  4  to  8  cm.,  according  to  the  size  of  the 
wound.  Four  threads  placed  transversely  across  the  pad  extended 
over  the  wound  and  were  attached  to  the  skin  by  means  of  small 
adhesive  patches  in  such  a  manner  as  to  keep  the  flushing  tube  in  a 
fixed  position  over  the  granulations.  The  sterile  liquid  was  contained 
in  a  flask  placed  about  1  meter  above  the  patient's  mattress,  and 
reached  the  flushing  tube  by  means  of  a  Murphy  drop  tube.  As  a 
rule,  in  these  experiments  about  125  gm.  of  fluid  flowed  out  per  hour. 
Another  technique  was  also  used  to  bring  into  contact  the  surface 
of  the  wound  and  the  distiUed  water  or  hypertonic  solution.  Agar 
cakes  containing  distiUed  water  or  hypertonic  sodium  chloride  solu- 
tion were  applied  to  the  surface  of  the  wound.  These  constantly 
gave  up  their  fluid  contents,  and  were  left  at  the  surface  of  the  wound, 
accorcKng  to  the  nature  of  the  experiment,  from  6  to  12  hours  and  even 
24  hours  per  day.  In  order  to  prevent  immediate  reinfection,  the 
wound  was  flushed  from  four  to  six  times  in  24  hours  wdth  Dakin's 
solution.  Another  method  consisted  in  appl>ing  for  several  hours 
every  day  a  dressing  composed  of  sodium  stearate  and  chloramine 
paste.  Chloramine  paste,  10  parts  per  1,000  was  generally  used, 
because  reinfection  takes  place  under  4  parts  per  1,000.     The  wound 
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was  examined  bacteriologically  every  day.  As  soon  as  reinfection 
occurred  the  experiment  was  interrupted  and  the  wound  thoroughly 
sterilized.  Every  4  days  the  surface  of  the  wound  was  measured 
and  the  curve  was  plotted  and  compared  with  the  calculated  curve. 
The  patients  were  kept  in  bed  during  the  experiment  and  were  under 
the  super\'ision  of  a  nurse  day  and  night. 

Influence  of  Distilled  Water  on  the  Rate  of  Healing  of  a  Sterile  Wound. 

In  the  following  experiments  the  wounds  were  flushed  with  dis- 
tilled water  from  2  to  4  hours  every  day. 
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Experiment  1  {Text-fig.  1). — Case  646,  age  25  years. 

Nov.  17,  1916.  Sterile  wound  in  the  calf,  12  sq.  cm.  in  area.  The  wound  is 
surgically  aseptic.  Flushing  with  distilled  water  for  2  hours.  Then  flushing 
with  30  per  cent  hypertonic  solution  for  2  hours.  The  dressing  was  kept  in  place 
until  the  following  morning. 

Nov.  18.  The  appearance  of  the  wound  has  not  changed.  Surface  area  12.1 
sq.  cm.  30  to  50  bacteria  per  field.  Same  dressing.  Flushing  with  distilled 
water  for  2  hours.     Flushing  with  a  hypertonic  solution  for  2  hours. 

Nov.  19.  The  appearance  of  the  wound  h9,s  remained  the  same.  Surface 
area  12.6  sq.  cm.  50  to  100  bacteria  per  field.  Dressing  with  chloramine  paste, 
10  parts  per  1,000. 

Nov.  20.     Same  dressing.     Surface  area  11.1  sq.  cm. 

Nov.  21.  Chloramine  dressing,  4  parts  per  1,000.  Surface  area  10.5  sq.  cm. 
4  bacteria  i>er  field. 

Nov.  22.  Flushing  with  distilled  water  for  4  hours.  Chloramine  dressing, 
4  parts  per  1,000  for  20  hours. 

Nov.  23.  Granulations  smaller.  Surface  area  9.2  sq.  cm.  Flushing  with 
distilled  water  for  4  hours.     Chloramine  dressing,  4  parts  per  1,000. 

Nov.  24.  Same  appearance.  Surface  area  8.4  sq.  cm.  18  to  20  bacteria  per 
field.  Numerous  cocci.  Flushing  with  distilled  water  for  8  hours.  Chloramine 
dressing,  10  parts  per  1,000. 

Nov.  25.     1  bacterium  in  15  fields. 
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Experiment  2  {Text-fig.  2). — Case  694,  age  20  years.  Sterile  wound  33.5  sq.  cm. 
in  area. 

Nov.  17,  1916.  Flushing  with  distilled  water  for  2  hours,  followed  by  2  hours' 
flushing  with  30  per  cent  hypertonic  sodium  chloride  solution.  The  dressing  was 
not  renewed  until  the  following  morning. 

Nov.  18.  The  wound  appears  the  same.  Surface  area  30.4  sq.  cm.  20  to  30 
bacteria  per  field.  Flushing  with  distilled  water  for  2  hours  and  hypertonic 
solution  for  2  hours. 

Nov.  19.  Same  appearance.  Owing  to  the  infection,  the  rate  of  cicatrization 
has  diminished.  The  surface  area  is  29.6  sq.  cm.  55  bacteria  per  field.  Chlora- 
mine  dressing,  10  parts  per  1,000. 

Nov.  20.  Same  appearance.  The  curve  has  caught  up  with  the  normal  curve. 
Surface  area  26  sq.  cm.  20  bacteria  per  field.  Chloramine  paste,  10  parts  per 
1,000. 

Nov.  21.  Same  appearance.  Surface  area  23.6  sq.  cm.  4  bacteria  per  field. 
Chloramine  dressing,  4  parts  per  1,000. 

Nov.  22.  Chloramine  dressing,  4  parts  per  1,000.  1  bacterium  per  8  or  10 
fields. 

Nov.  23.  Same  treatment.  Surface  area  17.3  sq.  cm.  The  wound  is  sterile 
and  the  experiment  with  distilled  water  alone  can  be  resumed. 

Nov.  24.  Flushing  with  distilled  water  for  8  hours.  Dressing  with  chloramine 
paste,  4  parts  per  1,000.     1  bacterium  in  10  to  15  fields. 

Nov.  25.     Flushing  with  distilled  water  for  8  hours. 

Nov.  26.  Flushing  mth  distilled  water  for  24  hours.  In  order  to  keep  the 
wound  sterile,  an  injection  of  Dakin's  solution  is  made  every  6  hours.  Surface 
area  14.6  sq.  cm. ;  calculated  area  14  sq.  cm.     1  bacterium  per  field. 

Nov.  27.     Flushing  with  distilled  water  for  24  hours.     1  bacterium  in  3  fields. 

Nov.  28.  Flushing  with  distilled  water  for  24  hours.  Observed  area  12  sq. 
cm.  No  apparent  change.  Calculated  area  11.8  sq.  cm.  10  to  15  bacteria  per 
field. 

Nov.  29.     Flushing  with  distilled  water  for  24  hours. 

Nov.  30.  Retardation  of  the  healing  process.  Observed  area  11  sq.  cm.; 
calculated  area  9  sq.  cm.  15  to  20  bacteria  per  field.  Flushing  with  distilled 
water  for  24  hours. 

Dec.  1.  Experiment  interrupted  on  account  of  infection.  Application  of 
compresses  soaked  in  Dakin's  solution;  renewed  six  times  in  24  hours. 

Dec.  2.     Same  dressing.     Innumerable  small  bacilli. 
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Experiment  3  {Text-fig.  J).— Case  694,  age  20  years. 

Nov.  21,  1916.  Sterile  wound  of  the  wrist,  measuring  1.8  sq.  cm.  Since 
Nov.  13  the  process  of  repair  has  been  regular.  Flushing  with  distilled  water  for 
2  hours,  followed  as  in  the  previous  experiment  by  application  of  chloramine 
paste,  4  parts  per  1,000,  in  order  to  prevent  infection. 

Nov.  22.  Flushing  with  distilled  water  for  4  hours,  followed  by  chloramine 
dressing.  Observed  surface  1.5  sq.  cm.;  calculated  surface  1.8  sq.  cm.  1  bac- 
terium in  4  fields. 

Nov.  23.  Flushing  with  distilled  water  for  6  hours.  Dressing  with  chloramine 
paste. 

Nov.  24.  Flushing  with  distilled  water  for  8  hours.  Dressing  with  chloramine 
paste.     1  bacterium  in  15  to  20  fields. 

Nov.  25.     Scale  formed  on  the  wound.     Dry  dressing. 

Nov.  26.  Scale  is  removed.  Area  of  the  wound  is  0.37  sq.  cm.;  calculated 
surface  0.7  sq.  cm.     15  to  20  bacteria  per  field.     Dressing  with  chloramine  paste. 

Influence  of  Hypertonic  Sodium  Chloride  Solution  on  the  Rate  of  Healing 

of  a  Sterile  Wound. 

In  the  following  experiments  the  wounds  were  flushed  with  h>'per- 
tonic  sodium  chloride  solution. 
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Experiment  4  {Text-fig.  4). — Case  639,  age  36  years. 

Dec.  1, 1916.     The  wound  is  practically  sterile.     1  bacterium  in  10  to  12  fields. 

Dec.  2.  Flushing  with  40  per  cent  sodium  chloride  solution  for  6  hours. 
Four  injections  with  Dakin's  solution.     Surface  area  of  wound  48.5  sq.  cm. 

Dec.  4.  Flushing  with  40  per  cent  sodium  chloride  solution  for  12  hours. 
Four  injections  of  Dakin's  solution.  Observed  surface  46.5  sq.  cm.;  calculated 
surface  47.3  sq.  cm.    3  bacteria  per  field. 

Dec.  5.     Same  treatment. 

Dec.  6.     Same  treatment.     1  bacterium  in  8  to  10  fields. 

Dec.  7.     Same  treatment. 

Dec.  8.  Same  treatment.  Six  injections  of  Dakin's  solution,  instead  of  four. 
Area  38.5  sq.  cm.;  calculated  area  39.7  sq.  cm. 

Dec.  9.     Same  treatment. 

Dec.  10.  Flushing  with  40  per  cent  sodium  chloride  solution  for  24  hours.  Six 
injections  of  Dakin's  solution.     1  bacterium  in  8  fields. 

Dec.  11.     Same  treatment. 

Dec.  12.  Same  treatment.  Surface  of  wound  33  sq.  cm.;  calculated  surface 
33  sq.  cm.  1  bacterium  per  field.  The  curve  as  observed  has  finally  overtaken 
the  calculated  curve  and  they  now  coincide  exactly. 

Dec.  13.  Same  treatment.  20  to  30  bacteria  per  field.  The  experiment  is 
interrupted  on  account  of  infection. 

Dec.  14.     Sterilization  of  the  wound  by  twelve  flushings  with  Ringer  solution. 

Dec.  15.     Same  treatment.     1  bacterium  in  6  fields. 

Dec.  16.  The  experiment  is  resumed.  A  cake  of  agar- agar  made  of  40  per 
cent  sodium  chloride  solution  is  applied  to  the  wound  during  12  hours.  During 
the  night  the  wound  is  sterilized  by  six  flushings  with  Dakin's  solution.  Observed 
area  27  sq.  cm.;  calculated  area  27.1  sq.  cm.  Sterile.  The  cake  is  applied  for  9 
hours. 

Dec.  17.     Same  treatment.    4  bacteria  per  field. 

Dec.  18.  Same  treatment.  Surface  observed  24.3  sq.  cm.;  calculated  surface 
24.2  sq.  cm. 

Dec.  19.     A  few  bacteria. 

Dec.  24.  The  wound  is  sterile.  Agar  cakes  containing  50  per  cent  sodium 
chloride  solution  are  applied  during  the  day,  and  chloramine  paste  during  the  night. 

Dec.  28.  The  surface  of  the  wound  measures  14.2  sq.  cm. ;  calculated  surface 
14.25  sq.  cm.     Same  treatment. 

Dec.  29.     Same  treatment. 

Dec.  30.  Flushing  with  80  per  cent  sodium  chloride  solution  for  24  hours. 
Four  flushings  with  Dakin's  hj^ochlorite  solution. 

Jan.  1,  1917.  Same  treatment.  Granulations  congested.  Small  hemorrhages. 
Observed  area  11  sq.  cm.;  calculated  area  11.3  sq.  cm. 

Jan.  5.  Same  treatment  with  80  per  cent  solution  from  Jan.  2  to  4.  Observed 
area  10  sq.  cm.;  calculated  area  9  sq.  cm.  4  bacteria  per  field.  The  experiment 
is  discontinued. 
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Text-Fig.  5.     Experiment  5.     Case  715. 


Experiments  (Text-fig.  5). — Case  715,  age  23  years;  Arabian.     Leg  wound. 

Dec.  7,  1916.     Surface  of  wound  9.5  sq.  cm.     Dressing  with  Dakin's  solution. 

Dec.  11.  Surface  of  wound  5.5  sq.  cm.;  calculated  area  5.5  sq.  cm.  Flushing 
with  50  per  cent  sodium  chloride  solution  for  24  hours,  interrupted  with  two  in- 
jections of  Dakin's  solution.     Same  treatment  until  Dec.  15. 

Dec.  15.  30  to  50  bacteria  per  field.  Four  flushings  with  Dakin's  solution 
in  24  hours.     Surface  observed  2.85  sq.  cm.;  calculated  area  2.9  sq.  cm. 
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Dec.  18.  Flusliing  with  hypertonic  solution  is  substituted  by  the  application 
of  a  cake  of  agar-agar  containing  40  per  cent  sodium  chloride.  During  the  night 
three  injections  with  Dakin's  solution  are  made. 

Dec.  19.  Surface  observed  1.5  sq.  cm.;  surface  calculated  1.35  sq.  cm.  The 
injections  are  replaced  by  applications  of  chloramine  paste,  10  parts  per  1,000, 
the  agar  cakes  being  kept  in  contact  with  the  w'ound  for  12  hours  every  day. 

Dec.  23.  Same  treatment  until  Dec.  23.  Observed  area  1.1  sq.  cm.;  calculated 
area  0.6  sq.  cm.  The  difference  may  be  attributed  to  a  slight  infection.  2 
bacteria  per  field. 

Dec.  24.  The  40  per  cent  agar  cakes  are  replaced  by  a  50  per  cent  cake.  The 
application  of  chloramine  paste  is  continued  during  the  night. 

Dec.  27.  Same  treatment  xmtil  Dec.  27,  on  which  date  it  is  calculated  that 
healing  will  be  effected.  The  wound,  which  is  too  small  to  be  measured  (less 
than  0.1  sq.  cm.),  is  infected  (10  to  15  bacteria  per  field),  and  this  explains  the 
retardation.     Dressing  with  chloramine  paste. 

Dec.  29.     The  wound  is  completely  healed. 

Comparison  of  Distilled  Water  and  of  Hypertonic  Sodium  Chloride 
Solution  on  the  Same  Patient. 
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Experiment  6  {Text-fig.  6). — Case  721.  The  patient  has  two  wounds  in  the 
thigh,  of  about  equal  dimension,  a  small  distance  apart.  The  inner  wound  is 
flushed  out  with  distilled  water;  the  other  with  40  per  cent  sodium  chloride 
solution. 

Dec.  3,  1916.  Flushing  of  inner  wound  with  distilled  water  for  12  hours.  Four 
injections  of  Dakin's  solution.  Flushing  of  outer  wound  for  12  hours  with  40 
per  cent  sodium  chloride.     Four  injections  of  Dakin's  solution. 

Dec.  4.     30  to  50  bacteria  per  field.     Sterilization  with  Dakin's  solution. 

Dec.  8.     Sterilization  with  Dakin's  solution. 

Dec.  12.  Flushing  for  24  hours  per  day  under  the  same  conditions  described 
above,  with  six  injections  of  Dakin's  solution,  continued  until  Dec.  16. 

Dec.  17  and  18.     Reinfection.     Sterilization. 

Dec.  20.  Application  to  the  external  wound  of  an  agar-agar  cake,  in  the  pro- 
portion of  40  per  cent  sodium  chloride,  and  to  the  inner  wound  of  a  cake  com- 
pounded with  distilled  water.  7  p.m.  Dressing  with  chloramine  paste.  Same 
treatment  until  Dec.  27. 

DISCUSSION   AND   SUMMARY. 

In  the  study  of  the  action  of  non-antiseptic  substances  on  the  rate 
of  cicatrization,  the  chief  obstacle  encountered  is  the  facihty  with 
which  wounds  become  reinfected  under  an  aseptic  dressing.  At  the 
beginning  of  Experiment  1  the  wound  was  sterile.  It  was  subjected 
to  flushing  with  distilled  water  for  2  hours,  then  to  flushing  with 
30  per  cent  sodium  chloride  solution  for  another  2  hours.  During 
that  time  no  special  precaution  was  taken  to  sterilize  the  wound  and 
the  dressing  was  left  intact  until  the  following  morning.  It  was  then 
found  that  the  wound  contained  from  30  to  50  bacteria  per  field. 
The  following  day,  after  the  wound  had  been  subjected  to  the  same 
treatment,  the  number  of  bacteria  had  increased  to  50  and  100  per 
field,  and  as  an  immediate  consequence  the  surface  of  the  wound 
increased  from  12  to  12.6  sq.  cm.  in  2  days.  The  wound  was  then 
dressed  antiseptically  and  was  found  to  be  sterile  3  days  later.  Rein- 
fection again  took  place  the  following  day  in  spite  of  antiseptic  dress- 
ing with  chloramine  paste  4  parts  per  1,000,  which  was  applied  for 
20  hours.  In  Experiment  2  similar  results  were  observed.  After 
2  days  of  flushing  with  distilled  water,  the  number  of  bacteria  had 
increased  to  50  per  field.  The  wound  was  thereupon  steriHzcd,  but 
new  reinfection  ensued  a  few  days  later.  Another  wound  on  the 
same  patient  became  reinfected  under  the  same  conditions  after  1 
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day  of  sterile  dressing.  In  none  of  the  patients  could  the  wounds 
be  kept  in  a  sterile  condition  throughout  the  whole  experiment.  It 
was  impossible  to  maintain  the  sterihty  of  a  wound  under  aseptic 
dressing.  Dakin's  solution  was  therefore  injected  every  4  hours,  or 
less  often,  according  to  the  degree  of  infection,  or  chloramine  paste 
was  applied  during  the  night.  If  there  were  3  or  4  bacteria  per 
field,  the  experiment  was  discontinued  in  order  that  the  wound  might 
be  sterilized  again.  The  cicatrization  and  bacteriological  curves  of 
Experiment  4  show  that  by  the  application  of  chloramine  paste  a 
wound  may  be  maintained  in  an  appropriately  bacteriological  con- 
dition for  carrying  out  an  experiment.  Nevertheless,  in  spite  of 
the  antiseptic  precautions  taken,  it  was  necessary  to  interrupt  this 
experiment  on  two  occasions,  on  December  13  to  15  and  on  December 
18  to  22,  in  order  that  a  complete  sterilization  of  the  wound  might  be 
effected.  When  the  sterilization  was  performed  as  soon  as  the  bac- 
teria were  discovered,  little  retardation  occurred  in  the  process  of 
cicatrization.  Moreover,  the  reinfection  from  the  skin  was  often 
due  to  fine  bacilli  which  have  but  mild  retarding  action  on  the  rate 
of  healing.  The  use  of  at  least  six  flushings  in  2  hours  with  Dakin's 
solution  or  of  12  hours'  dressing  vnih  chloramine  paste  10  parts  per 
1,000,  was  necessary  to  keep  the  wound  in  a  condition  of  surgical 
asepsis. 

The  action  of  distilled  water  was  studied  in  Experiments  1,2,  and  3. 
In  Experiment  1  the  wound  was  subjected  to  flushing  with  distilled 
water  first  for  2  hours,  then  4  hours,  and  later  for  8  hours  per  day. 
The  wound  was  maintained  in  a  condition  of  mild  infection.  No 
marked  modification,  either  acceleration  or  retardation,  was  noted  in 
the  rate  of  repair  during  the  period  that  the  treatment  was  apphed. 
From  November  21  to  25  the  wound  was  almost  clean  and  the  observed 
curve  remained  parallel  to  the  calculated  curve,  showing  that  distilled 
water  did  not  retard  the  rate  of  heahng.  In  Experiment  2  the  wound 
was  subjected  to  uninterrupted  flushing  ^^'ith  distilled  water,  first  for 
2  and  8  hours,  then  for  24  hours.  It  was  continued  from  November  24 
to  30;  viz.,  for  112  hours  out  of  120,  without  the  occurrence  of  any 
marked  modification  of  the  course  of  healing.  The  bacteriological 
curve  showed  that  from  November  22  to  27  inclusive  the  wound  was 
kept   aseptic.     The    slight   retardation   which    occurred   afterwards 
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was  probably  brought  about  by  the  infection.  In  Experiment  3 
the  wound  was  subjected  to  flushing  with  distilled  water,  first  for  2, 
then  for  4,  6,  and  8  hours,  a  total  of  20  hours  in  4  days.  From  No- 
vember 21  to  24  the  wound  remained  surgically  aseptic.  No  modifi- 
cation in  the  rate  of  heaUng  occurred. 

The  action  of  the  hypertonic  sodium  chloride  solution  was 
studied  in  a  similar  way.  In  Experiment  4  the  wound  was 
flushed  at  first  with  40  per  cent  sodium  chloride  solution,  from 
December  4  to  9  for  12  hours  a  day,  and  from  December  10  tp 
13  for  24  hours  a  day,  making  a  total  of  144  hours  out  of  240 
hours.  At  the  end  of  this  time  the  surface  area  of  the  wound  coin- 
cided exactly  with  the  calculated  area.  Owing  to  reinfection  the 
experiment  was  suspended.  From  December  24  to  29  the  wound  was 
kept  in  contact  with  50  per  cent  sodium  chloride  solution  for  54 
hours,  and  after  December  30  flushing  with  80  per  cent  solution  for 
24  hours  a  day  was  resorted  to.  The  total  amount  of  time  involved 
in  the  above  treatments  was  174  hours  with  40  per  cent  solution,  72 
hours  with  50  per  cent  solution,  and  120  hours  with  80  per  cent 
solution.  On  January  1,  the  surface  measured  11  sq.  cm.  and  the 
calculated  surface  was  11.3  sq.  cm.  On  January  5  the  surface  observed 
was  10  sq.  cm.  and  the  calculated  surface  was  9  sq.  cm.  It  should 
be  noticed  that  on  January  5  the  bacteria  numbered  4  per  field,  which 
might  account  for  the  difference.  In  Experiment  5  the  wound  was 
flushed  for  24  hours  every  day  with  50  per  cent  sodium  chloride  solu- 
tion from  December  11  to  18,  a  total  of  192  hours.  From  December 
18  to  24  the  wound  was  dressed  with  agar-agar  cakes  containing 
40  per  cent  sodium  chloride.  The  concentration  was  raised  to  50 
per  cent  from  December  24  to  27.  The  cicatrization  curve  indicates 
only  a  slight  retardation  of  the  repair  which  can  be  attributed  to 
infection  when  both  cicatrization  and  infection  curves  are  compared. 
The  temporary  acceleration  on  the  13th  may  have  been  due  to  the 
influence  of  the  dressing,  but  as  it  did  not  occur  again  an  experimental 
error  is  probably  the  cause  of  the  change  observed  in  the  curve. 
In  Experiment  6  two  practically  identical  wounds  at  a  distance  of 
but  a  few  centimeters  from  each  other  were  located  on  the  right 
thigh  of  Patient  721.  The  areas  of  the  wounds  were  respectively 
40  and  33  sq.  cm.     One  of  the  wounds  was  flushed  with  distilled 
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water  only.  The  other  was  subjected  to  the  action  of  40  per  cent 
sodium  chloride  solution.  From  December  20  to  25  both  wounds 
were  in  a  condition  of  surgical  asepsis.  However,  the  cicatrization 
curves  show  that  in  spite  of  the  difference  of  treatment  the  rate  of 
healing  was  not  modified. 

The  rate  of  healing  of  the  wounds  did  not  therefore  apparently 
undergo  any  measurable  modification  under  the  influence  of  distilled 
water  or  h^-pertonic  salt  solution.  It  is  well  known  that  the  osmotic 
changes  of  the  medium  have  a  marked  influence  on  tissues  deprived 
of  circulation.  But  it  seems  that  a  tissue  with  normal  circulation  is 
protected  by  it  against  the  changes  of  the  osmotic  pressure  occurring 
at  its  surface.  The  above  experiments  show  that  apparently  the 
conditions  of  the  tissues  of  a  wound  are  not  modified  by  the  changes 
of  the  osmotic  pressure  of  the  dressing.  The  beneficial  effects  of  hy- 
pertonic sodium  chloride  solution  on  the  sterilization  of  wounds  and 
on  the  rate  of  healing  recently  described  by  various  surgeons  are 
possibly  an  illusion  due  to  lack  of  precise  technique. 

CONCLUSIONS. 

1.  The  flushing  of  an  aseptic  granulating  wound  with  hypertonic 
sodium  chloride  solution  or  distilled  water  brings  about  an  immediate 
reinfection. 

2.  Distilled  water  and  hypertonic  sodium  chloride  solution  do 
not  .modify  to  a  measurable  extent  the  rate  of  healing  of  an  aseptic 
wound. 
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INTRODUCTION. 

Pulmonary  distomiasis  is  caused  by  Paragonimus  westermanni 
Kerbert,  and  prevails  extensively  in  the  Far  East.  Ringer  (1)  dis- 
covered the  parasite  in  1879  in  a  patient  at  Tamsui  in  Formosa,  and 
it  has  since  been  found  in  various  parts  of  Japan  by  several  observers. 
In  certain  localities  it  prevails  as  an  endemic  disease,  and  has  for  a 
long  time  aroused  the  interest  of  Japanese  investigators.  The  de- 
velopment of  the  worm  has,  however,  remained  unknown  except 
for  the  fact  that  the  eggs  are  ejected  with  the  sputum  and  that  they 
hatch  in  water  into  free  miracidia. 

Prevalence  of  Pulmonary  Distomiasis  in  Formosa. 

Although  Ringer  first  found  cases  of  pulmonary  distomiasis  in 
Fomiosa  in  1879,  the  actual  prevalence  of  the  disease  has  remained 
unknown.  In  1910  Nagano  (2)  reported  that  the  disease  prevailed 
in  the  northern  part  of  Formosa  around  the  Prefecture  of  Shinchiku. 
During  1913  and  1914  (3),  I  secured  records  of  1,249  cases,  of  which 
922  occurred  in  the  Prefecture  of  Shinchiku,  the  most  thickly  in- 
fected region  on  the  island.  I  examined  the  pupils  of  all  the  pubHc 
schools  in  the  Prefecture  of  Shinchiku  in  December,  1914,  and  found 
that  4.3  per  cent  were  suffering  from  the  disease. 

The  morbidity  among  the  young  is  less  than  among  adults.  How- 
ever, if  we  assume  this  percentage  to  be  that  of  the  whole  popula- 
tion of  the  Prefecture  of  Shinchiku,  there  are  13,000  cases  in  this 
region  alone.     The  results  of  my  observation  differ  from  those  of 
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Matsuo  and  Yokokawa  (4)  regarding  the  morbidity  in  Sansaka, 
Koryo,  Jukirin,  and  Nansho.  The  discrepancy  is  probably  due  to 
the  fact  that  the  people  of  those  villages  have  sunk  wells  and  stopped 
drinking  the  river  water  during  the  period  between  their  investiga- 
tion and  mine.  The  infection  is  more  prevalent  among  people  liv- 
ing along  large  rivers,  such  as  the  Hozankei,  Komodenkei,  Chu- 
kokei,  and  Koryokei.  The  inhabitants  of  the  mountainous  regions 
also  were  thought  to  suffer  from  this  disease,  but  no  investigation 
had  been  undertaken.  In  1914,  appointed  by  the  Commission  of 
Investigation  of  Formosan  Endemic  Diseases,  I  went  into  the  dis- 
tricts inhabited  by  savage  tribes  and  found  that  in  the  lowlands  an 
enormous  number  of  cases,  i.e.,  50  per  cent  of  the  total  population, 
was  infected ;  in  the  highlands  the  cases  seem  to  be  less  in  number, 
although  I  was  unable  to  carry  out  a  thorough  investigation  there. 

Investigation  of  the  Intermediate  Hosts  of  Paragonimus  westermanni. 

The  Prefecture  of  Shinchiku  and  the  villages  of  the  savages  in 
that  vicinity  are  favorable  districts  for  carrying  out  observations 
upon  the  parasites.  As  soon  as  I  was  appointed  the  Physician-in- 
Chief  of  the  Government  Hospital  at  Shinchiku,  I  began  to  search 
for  the  intermediate  hosts. 

As  the  first  step  the  development  of  the  eggs  and  the  processes  of 
hatching  were  studied,  but  efforts  at  experimental  infection  of  ani- 
mals both  per  os  and  subcutaneously  with  the  miracidia  were  unsuc- 
cessful. Hence  I  concluded  that  at  least  one  intermediate  host  func- 
tions prior  to  the  infection  of  man.  Various  species  of  mollusks 
occurring  in  the  local  streams  were  examined  microscopically,  and 
seventeen  different  kinds  of  cercariae  were  found,  but  it  could  not  be 
determined  which  represented  those  of  Paragonimus  westermanni. 

The  next  step  was  to  ascertain  which  mollusks  the  miracidia  of 
pulmonary  distomas  infest.  For  this  purpose  various  kinds  of  fresh 
water  mollusks  were  kept  in  water  in  which  the  miracidia  had  been 
made  to  hatch ;  and  it  was  soon  found  that  the  miracidia  prefer  Melania 
lihertina  and  Melania  obliquegranosa.  Attempts  to  keep  the  mol- 
lusks alive  in  aquaria  failed.  From  the  fact  that  the  only  species 
of  fresh  water  mollusks  that  live  in  the   thickly   infected   regions 
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is  Melania  lihertina  Gould,  it  was  assumed  that  the  cercariae  with 
a  characteristic  organ  in  the  oral  sucker^  found  in  the  snail  must 
be  the  young  of  the  pulmonary  distomas.  But  how  the  miracidia 
find  their  way  into  the  mollusks  and  develop  into  cercariae  has  not 
as  yet  been  ascertained. 

Because  of  the  difficulty  of  verifying  this  assumption  experimentally 
an  effort  was  made  to  discover  the  second  intermediate  host  accord- 
ing to  Kobayashi's  (5)  method  employed  in  human  liver  distomiasis. 
This  consists  in  infecting  animals  with  the  young  distomas  occurring 
in  certain  fish.  After  many  attempts  I  found  in  Kalapai,  in  Septem- 
ber, 1914,  many  encysted  cercariae  in  the  liver  and  gills  of  certain 
crabs,  which  bore  a  striking  resemblance  to  mature  pulmonary  dis- 
tomas. I  finally  succeeded  in  discovering  their  path  of  penetration 
to  the  lungs  of  the  final  host.  The  facts  that  the  cercariae  mentioned 
above  enter  the  second  intermediate  hosts,  i.e.,  the  crab,  and  that 
the  cercariae  embedded  in  Melania  lihertina  are  the  cercariae  of  Para- 
gonimus  westermanni,  have  now  been  satisfactorily  established. 

Development  of  the  Worm  within  the  Egg. 

Observations  on  the  development  of  the  worm  within  the  egg  have 
already  been  made  by  Nakahama,  Manson,  and  Garrison  and  Leynes, 
in  Japan,  China,  and  the  Philippines.  The  procedure  that  I  em- 
ployed for  the  Formosan  form  is  as  follows:  A  quantity  of  expecto- 
rated sputum  containing  the  eggs  is  placed  in  a  glass  dish  which  is 
filled  with  water  to  the  depth  of  20  to  30  mm.  The  vessel  is  left 
uncovered  in  a  dark  place,  and  the  water  changed  daily.  The  sputum 
and  eggs  sink  to  the  bottom  of  the  vessel  and  are  readily  examined 
microscopically.  Too  much  sputum  is  to  be  avoided  as  the  develop- 
ment of  the  egg  is  hindered;  test-tubes  are  unsuitable  as  the  worms 
do  not  hatch  well. 

The  egg  of  Paragonimiis  westermanni  in  fresh  sputum  is  oblong  (0.063  to  0.084 
by  0.045  to  0.054  mm.)  and  yellowish  brown  (Fig.  1).  It  has  an  operculum  at 
one  end  and  contains  an  embryo  and  several  yolk  cells  (Fig.  2).  The  yolk  cells 
gradually  enlarge  and  the  granules  manifest  Brownian  movement  which  lasts 
until  the  yolk  cells  are  completely  taken  up  by  the  embryo.     At  the  ten  cell  stage 

'  These  wUl  be  described  fully  below. 
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or  a  little  later,  the  cell  boundaries  become  indistinct.  When  the  miracidium 
is  about  visible  (Fig.  3),  the  yolk  granules  are  diminished,  and  the  contents  of  the 
egg  become  clearer.  The  rounded  end  of  the  ovoid  embryo  is  directed  toward 
the  operculum  and  the  oral  part  develops  at  that  end  (Fig.  4).  At  this  stage 
the  embryo  resembles  a  melon  seed  and  is  covered  with  fine  cilia.  A  few  days 
later  the  embryo  takes  on  a  slow  vermicular  motion,  becoming  gradually  more 
active  until  the  miracidium  bends  upon  itself.  The  cilia  cover  the  surface  of  the 
body  except  the  oral  part,  and  are  longest  over  the  anterior  part,  especially 
about  the  protruding  anterior  end.  They  point  posteriorly,  except  near  the 
oral  part  where  the  direction  is  reversed.  Through  the  vigorous  movement  of 
the  cilia  of  the  miracidium  the  operculum  is  torn  off  and  the  embryo  is  set 
free  in  the  water  (Fig.  5). 

The  egg  containmg  the  full  grown  miracidium  measures  0.0792  to  0.09  by 
0.0486  to  0.0567  mm.,  which  is  larger  than  that  seen  in  the  sputum.  The 
mature  miracidia  measure  0.0612  to  0.072  by  0.036  to  0.045  mm. 

The  rate  of  development  of  the  miracidia  varies  with  the  temperature  and  is 
retarded  by  cool  weather.  During  the  summer  in  Shinchiku,  i.e.,  from  May  to 
October,  melon  seed-like  miracidia  develop  in  14  to  15  days,  begin  to  move  in 
19  to  22  days,  and  hatch  in  23  to  28  days.  In  March  and  April  they  take  some 
weeks  to  hatch,  and  the  miracidia  remain  for  a  long  time  within  the  egg  even 
though  they  are  as  lively  as  in  the  warm  season.  From  November  to  February 
or  March  no  development  was  noted,  though  the  eggs  were  watched  constantly. 
According  to  my  observations,  the  temperature  for  hatching  is  25-3 1°C.,  and  em- 
bryonic development  ceases  below  25°C.  Manson  (6)  gives  26-34°C.,  Nakahama 
(7)  30°C.,  and  Garrison  and  Leynes  (8)  25-34°C.  At  37°C.  the  eggs  seem  to  disin- 
tegrate. The  incubation  period  in  summer  is  variable  even  in  the  same  culture. 
Some  eggs  hatch  in  about  3  weeks,  others  as  late  as  from  5  to  8  weeks.  This 
difference  may  be  due  toother  causes  than  temperature;  possibly  the  length  of 
time  elapsing  since  the  eggs  were  passed  by  the  adult  worm  in  the  lungs  of  the 
patient  before  they  were  ejected  with  the  sputum  plays  a  part. 

The  miracidium  when  hatched  measures  0.081  to  0.099  by  0.036  to  0.054  mm. 
It  is  provided  with  an  alimentary  tract  and  ganglion,  two  flame  cells,  and  numer- 
ous granular  embryonic  cells.  As  it  swims,  the  anterior  end  may  not  be  pointed 
but  invaginated.  It  can  be  kept  alive  for  only  a  short  time.  In  several  hours 
its  motion  becomes  sluggish  and  it  assumes  a  ball-like  appearance.  Then  it 
moves  with  a  spiral  motion  and  soon  becomes  inactive  and  dies. 

Garrison  states  that  direct  sunlight  is  injurious  to  the  miracidia. 
I  also  observed  that  embryonic  development  is  arrested  even  in 
diffused  light  if  this  is  intense.  On  the  contrary,  if  the  culture 
is  kept  in  the  dark,  development  goes  on  vigorously.  Oxygen  seems 
to  be  necessary  for  the  development  of  the  embryo.  The  vessel  con- 
taining the  eggs  must  be  kept  uncovered,  and  care  should  be"  taken 
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to  change  the  water  at  least  once  a  day.  The  eggs  contained  in 
sputum  gradually  become  brown  and  die  if  dried,  a  space  forming 
between  the  egg  membrane  and  the  shell.  If  the  miracidia  either 
within  or  without  the  egg  membranes  are  subjected  to  1  per  cent 
hydrochloric  acid,  movement  ceases  and*  they  die.  It  is  known  that 
they  cannot  resist  the  gastric  juice. 

In  October,  1913,  I  introduced  a  quantity  of  water  that  contained 
full  grown  miracidia,  either  swimming  free  or  still  in  the  egg,  into 
the  stomach  of  pups;  other  pups  were  placed  in  the  water  containing 
free  swimming  miracidia.  In  neither  case  were  the  animals  found 
to  be  infected  by  distomas,  when  killed  and  examined  45  to  100 
days  later.  The  miracidia  appear  to  be  unable  to  enter  the  animal 
body  either  per  os  or  subcutaneously,  unless  they  go  through  the 
second  intermediate  hosts. 

The  First  Intermediate  Host  and  the  Cercaria  of  Paragonimus 

westermanni. 

The  cercariae  of  Paragonimus  i^estermanni  were  detected  in  the 
following  three  species  of  fresh  water  snails. 

1.  Melania  libertina  Gould  (Fig.  20,  a),  which  lives  in  pools  or 
sluggish  streams.  In  the  villages  of  the  savage  mountain  tribes, 
this  species  alone  was  found.  Larger  specimens  than  those  seen  in 
Shinchiku  occur  commonly  in  the  main  islands  of  Japan. 

2.  Melania  obliquegranosa  Smith  (Fig.  20,  b),  which  thrives  in 
slowly  flowing  streams,  is  common  in  the  flat  region  of  Shinchiku. 

3.  Melania  tuberculata  Mueller,  which  occurs  rarely  in  Shinchiku. 

All  the  larger  specimens  of  Melania  libertina  collected  in  the  sav- 
age villages  where  pulmonary  distomiasis  occurs  abundantly  were 
found  to  be  infected  with  the  cercariae.  The  occurrence  of  the  cer- 
cariae in  Melania  obliquegranosa  collected  in  the  lowlands  parallels 
with  the  degree  of  infection.  Cercariae  were  found  in  only  one  speci- 
men of  Melania  tuberculata,  collected  in  Runasho  village. 

When  the  snails  are  placed  in  water  containing  miracidia,  the 
latter  swarm  around  them  and  become  attached  to  the  heads,  jaws, 
and  feet,  and  but  rarely  to  the  tentacles  and  mantles.  They  cHng  with 
their  suckers,  insert  probosces  into  the  tissues  of  the  host  and  en- 
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ter  the  body  of  the  snail  like  the  cercariae  of  Schistosomum  japonicum, 
as  described  by  Miyairi  (9).  Unlike  the  miracidia  of  Schistosomum, 
those  of  the  pulmonary  distoma  shed  their  cilia  in  this  act. 

The  cercaria  measures  0.12  long  by  0.09  mm.  wide,  and  its  tail  is  0.054  mm. 
long.  The  oral  sucker,  0.036  by  0.032  mm.  in  diameter,  is  provided  with  two 
pear-shaped  bodies,  the  apices  of  which  point  posteriorly.  It  also  has  a  spine, 
which  appears  to  have  a  ring  on  its  point.  The  posterior  sucker  is  smaller  than 
the  oral  one,  having  a  diameter  of  0.018  mm.  The  cercaria  has  three  pairs  of 
poison  glands.     The  excretory  vesicle  of  the  glands  is  heart-shaped  (Fig.'  9). 

Besides  the  cercariae,  sporocysts  of  various  sizes  are  found  abun- 
dantly in  the  Hver  of  Melania.  They  are  sometimes  found  in  the 
heart  and  kidneys  (Figs.  6  to  8,  and  33). 

The  cercariae  mentioned  have  been  detected  in  several  specimens 
of  Melania  that  thrive  in  the  infected  regions  of  the  Prefectures  of 
Niigata,  Gifu,  Tokushima,  and  Okayama  on  the  main  island  of  Japan. 

The  identification  of  the  cercariae  v^ith  those  of  Paragonimus  wester- 
manni  is  based  on  the  following  data. 

1.  Only  the  cercariae  under  consideration  are  found  in  the  most 
thickly  infected  regions,  among  the  savage  tribes. 

2.  The  miracidia  of  Paragonimus  westermanni,  which  usually  de- 
velop into  the  cercariae  described  above,  can  enter  Melania  only. 

3.  The  shape  of  the  spine  of  the  oral  sucker  of  the  encysted  cer- 
cariae in  the  crabs,  and  of  the  excretory  vesicle  of  the  young  encysted 
cercariae  bears  a  striking  resemblance  to  those  of  the  cercariae  men- 
tioned above. 

4.  The  cercariae  successfully  infected  crabs  free  from  distomas 
and  developed  into  the  specific  encysted  cercariae. 

The  last  fact  seems  to  be  the  strongest  evidence.  The  aquarium  used  for  the 
experiment  was  a  wooden  box  3  feet  long  and  2  feet  high.  Three  sides  were  com- 
pletely covered  by  a  thin  cloth  in  order  to  prevent  the  intrusion  of  cercariae  from 
without.  Of  course,  prior  to  the  experiment  it  was  ascertained  that  the  cloth 
did  not  allow  cercariai  to  pass  through.  The  cloth  was  covered  by  wire  netting 
with  meshes  of  3  mm.,  in  order  to  protect  it  from  being  torn  by  the  crabs.  The 
bottom  of  the  box  was  covered  with  sand  and  pebbles.  The  aquarium  was  placed 
in  a  stream  so  that  the  crabs  might  be  kept  in  as  natural  a  condition  as  possible. 
Some  snails  that  had  been  shown  to  contain  the  cercariae  were  kept  with  the  dis- 
toma-free  crabs  for  a  time.     Non-infected  crabs  were  difTicult  to  obtain.     I  failed 
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to  secure  distoma-free  crabs  from  the  streams  that  run  through  Formosa,  even  in 
those  regions  where  pulmonary  distomiasis  does  not  occur.  Finally  I  succeeded 
in  collecting  young  Potamon  {Geothelphusa)  obtusipes  and  Potamon  (Geolhelp/iiisa) 
dehaanii,  and  fifty  specimens  of  the  former  and  twenty  of  the  latter  were  ex- 
amined and  found  to  be  free  from  the  encysted  cercaria;.  On  September  4,  1915, 
the  crabs  and  Melania  were  put  together  in  the  aquarium  in  the  stream.  Ex- 
aminations were  made  daily.  Most  of  the  crabs  climbed  up  the  walls  and  were 
outside  the  water.  Both  the  crabs  and  the  snails  began  to  die  one  after  another. 
On  October  10,  1915,  1  examined  twenty  specimens  each  of  Potamon  oUusipes 
and  Potamon  dehaanii.  None  of  the  former  had  encysted  cercariaj,  but  one  of 
the  latter  showed  a  few,  some  of  which  had  not  been  in  the  host  for  many  hours. 
3  weeks  later  thirty-five  specimens  of  Potamcm  dehaanii  were  examined,  and 
three  were  found  to  be  infected  bv  voung  encysted  cercaria?  The  experiments 
are  being  continued 

Five  young  specimens  of  Potamon  obtusipes  and  of  Potamon  dehaanii  were 
placed  in  a  vessel  filled  ■with  water  contaim'ng  a  large  number  of  cercarige,  obtain- 
ed by  crushing  snails.  In  3  days  one  of  the  former  species  was  found  to  harbor 
a  few  encysted  cercariae.  It  is  evident  that  the  infection  occurred  in  the  vessel; 
for  the  embedded,  encysted  cercariae  were  so  young  that  they  could  not  have  been, 
many  hours  in  the  host.  The  reason  why  so  few  crabs  become  infected  experi-- 
mentally  may  be  due  to  differences  in  environmental  conditions. 

Crahs  as  the  Second  Intermediate  Host, 

Seven  species  of  fresh  water  crabs  collected  in  the  infected  and 
non-infected  regions  were  examined  for  encysted  cercariae.  The 
following  three  species  contained  them. 

1.  Potamon  (Geothelphusa)  obtusipes  Stimpson  (Fig.  21),  which 
is  the  first  species  in  which  the  encysted  cercariae  of  Paragonimus 
westermanni  were  found,  and  which  has  only  been  found  in  the  moun- 
tainous regions  of  Shinchiku.  It  seems  probable  that  this  species 
is  peculiar  to  the  regions  mentioned  above,  though  Stimpson  points 
out  that  specimens  collected  in  the  island  of  Amamioshima  in  the 
Prefecture  of  Kagoshima  are  identical  with  them. 

I  found  this  species  abundant  in  the  streams  running  through  the 
mountainous  regions  in  the  Prefecture  of  Shinchiku,  and  also  present 
in  the  mountainous  regions  of  Usekiko  village  in  the  Prefecture  of 
Taichu  and  Chikutoki  village  in  the  Prefecture  of  Kagi.  The  occur- 
rence in  this  species  of  encysted  cercariae  corresponds  with  the  degree 
of  mfection.     Among  the  savages,  where  30  to  50  per  cent  of  the 


304  PULMONARY   DISTOMIASIS 

population  suffer  from  the  infection,  80  to  100  per  cent  of  this  species 
harbored  encysted  cercariac.  Moreover,  in  Kalapai  village,  in  which 
55  per  cent  of  the  inhabitants  suffer  from  pulmonary  distomiasis, 
all  the  crabs  harbored  encysted  cercaria?;  while  only  11  per  cent  of 
the  crabs  from  the  creeks  of  Naiwan,  situated  about  4  miles  away, 
showed  encysted  cercarias.  The  inhabitants  of  the  latter  village 
are  believed  to  have  the  disease  but  rarely.  In  Sansaka,  where 
distomiasis  seldom  occurs,  the  crabs  showed  no  encysted  cercariae. 

2.  Potamon  {Geothelphusa)  dehaanii  White  (Fig.  22),  which  is 
found  in  the  same  locaHty,  but  less  abundantly  than  the  preceding 
species. 

3.  Eriocheir  japonicus  De  Haan  (Fig.  25)  which,  unlike  the  two 
species  mentioned  above,  never  occurs  in  the  streams  of  the  moun- 
tainous regions,  but  is  found  in  the  rivers  flowing  across  the  plain. 

300  large  specimens  and  over  30  small  specimens  were  examined 
microscopically  in  February,  1915,  for  encysted  cercariae.  Of  these 
only  two  showed,  in  the  gills,  one  encysted  cercaria  each.  At  first  it 
was  suspected  that  this  was  accidental,  but  later  I  learned  that  cer- 
cariae may  be  found,  though  rarely,  in  the  gills  and  muscles  of  this 
crab  in  the  village  of  Torunsho. 

Thus  it  seems  to -have  been  conclusively  demonstrated  that  these 
three  species  of  fresh  water  crabs  act  as  the  intermediate  host  of 
Paragonimus  westermanni;  the  first  species  showed  the  largest  per- 
centage of  infection,  the  second  a  much  smaller  percentage,  while 
the  third  was  but  rarely  infected.  The  first  species  is  found  ex- 
clusively in  Formosa,  while  the  second  and  third  are  found  also  in 
other  parts  of  Japan.  I  came,  therefore,  to  the  conclusion  that 
these  last  two  species  play  the  part  of  the  second  intermediate 
host  in  the  main  islands  of  Japan. 

Recently,  Kobayashi  (10),  Anclo  (11),  and  Yoshida  (12)  demonstrated  that 
the  second  species  is  the  intermediate  host  in  the  infected  regions  in  the  Prefec- 
tures of  Niigata  and  Gifu,  and  the  third  species  in  the  Prefecture  of  Tokushima, 
and  l^oth  the  second  and  third  species  in  the  Prefecture  of  Okayama.  Yoshida 
(12)  claims  that  another  species  of  crab,  Sesarma  dehaanii  Milne-Edwards  (Fig. 
24),  is  the  second  intermediate  host  in  the  village  of  Hiycshima  in  Nishinaru 
County  in  the  Prefecture  of  Osaka.  This  species  is  also  found  in  the  region  near 
the  sea  in  the  Prefecture  of  Shinchiku  in  Formosa,  but  no  encysted  cercaria;  are 
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found  in  it.  Moriyasu,  Arima,  and  Tanakamaru  (13)  lately  detected  a  species 
of  crab  that  harbors  encysted  cercariag,  of  which  they  kindly  sent  me  specimens. 
Upon  examination,  they  were  found  to  belong  to  the  third  species  described 
above.  Professor  Mij^airi  of  the  Kyushu  Imperial  University  also  found  that 
Astaais  japonicus  DeHaan  is  the  intermediate  host  of  Paragonimus  westermanni 
in  Korea.  In  one  of  the  infected  regions  in  Formosa,  i.e.,  in  the  village  of 
Shinko,  Prefecture  of  Taihoku,  the  third  species  as  well  as  another  variety,  Pota- 
moji  (Parathelphusa)  sinensis  Milne-Edwards  (Fig.  23) ,  was  found  by  Yokokawa 
(14)  to  have  encysted  cercariae.  The  following  table  shows  the  species  and  the 
localities  in  which  they  act  as  second  intermediate  hosts. 

1.  Potammi  (Geoihelphusa)  obtusipes  Stimpson.  Prefecture  of  Shinchiku. 

2.  Potamon  {Geoihelphusa)  dehaanii  White.  "         "  " 

Prefectures  of   Niigata, 
Gifu,   and  Okaj'ama. 

3.  Eriocheir  japonicus  De  Haan.  Prefectures  of  Shinchiku, 

Tokushima,  and  Oka- 
yama,  and  Korea. 

4.  Sesanna  dehaanii  INIilne-Edwards.  Prefecture  of  Osaka. 

5.  Aslacus  japonicus  De  Haan.  Korea. 

6.  Potamon  (Parathelphusa)  sinensis  Milne-Edwards.     Prefecture  of  Taihoku. 

Encysted  Cercarice  of  Paragonimus  westermanni  in  Crabs. 

The  size  and  shape  of  encysted  cercariae  vary  with  their  age.  The 
younger  ones  are  found  embedded  chiefly  in  the  Hver,  v^^hile  the 
older  ones  occur  either  in  the  Hver,  the  gills,  or  even  in  the  muscles. 
In  the  liver,  they  He  exclusively  in  the  interspace  of  tissue. 

1.  Youngest  Forms. — The  youngest  forms  (Figs.  10  and  11)  are  not  com- 
monly detected  in  the  crab,  as  the  cercariae  usually  enter  at  night.  The 
youngest  individuals  present  in  the  crabs  were,  found  at  5  o'clock  in  the  morn- 
ing just  pushing  their  way  into  the  parenchyma  of  the  liver.  They  measured 
0.13  by  0.05  mm.  and  had  no  tail.  The  posterior  part  is  narrower  than  the  an- 
terior; they  possess  an  oral  sucker  (0.04  mm.  in  diameter),  and  a  spine  in  the  oral 
sucker,  which  corresponds  with  that  observed  in  the  encysted  cercariae,  except 
that  it  has  no  ring  and  a  small  posterior  sucker  (0.02  mm.  in  diameter)  situated 
in  the  middle  of  the  body.  There  is  no  excretory  vesicle.  In  the  anterior  part 
of  the  body  there  is  a  tube-like  organ  which  looks  like  the  duct  of  poison  glands. 
The  worm  appears  as  a  white  speck  on  the  yellow  parenchjTna  of  the  liver. 

Immediately  before  transformation  into  encysted  cercariae  the  individuals 
are  rarely  seen,  but  not  so  rarely  as  the  preceding  stage.  They  now  are  folded 
on  themselves  and  contract  and  extend  their  heads  alternately  but  remain  fixed 
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to  the  same  spot.  A  little  later  a  thin  cyst,  0.11  mm.  in  diameter,  encloses  the 
worm,  and  within  it  the  larva  moves  (Fig.  12).  Instill  further  advanced  stages 
the  cyst  measures  0.13  mm.  in  diameter,  the  oral  sucker  is  smaller,  and  a  lumen 
(probably  the  pharynx)  is  seen  immediately  posterior  to  the  latter.  The  pos- 
terior sucker  has  now  enlarged  slightly,  while  at  the  posterior  extremity  and  along 
the  median  plane  a  rudimentary  excretory  vesicle,  which  sends  off  branches 
parallel  to  the  axis  of  the  body,  has  appeared  (Fig.  13).  Still  later  the  cyst 
measures  0.14  mm.  in  diameter  and  there  is  a  wider  excretory  vesicle,  filled  with 
coarse  granules  (Fig.  14).  Finally,  the  larvae  lie  straight  within  the  cyst,  the 
excretory  vesicles  gradually  become  heart-shaped,  and  fine  dark  granules  appear 
and  soon  assume  the  form  to  be  described. 

2.  Young  CercaricB  (Figs.  15  to  18). — The  young  cercariae  possess  a  cyst  measur- 
ing 0.18  to  0.2  mm.  in  diameter  in  which  they  lie  extended.  They  have  a  large 
black  excretory  vesicle,  and  relatively  large  oral  and  posterior  suckers,  which 
tend  to  assume  an  ellipsoidal  shape  due  to  pressure.  The  oral  sucker  is  0.035 
to  0.042  mm.  long  and  0.05  to  0.056  mm.  wide,  while  the  posterior  sucker  is  0.035 
to  0.043  mm.  long  and  0.052  to  0.057  mm.  wide.  The  spine  of  the  oral  sucker 
is  present  though  it  can  be  detected  only  with  difficulty.  No  alimentary  canal 
is  differentiated.  The  cyst  consists  of  chitin  which  is  0.005  to  0.006  mm.  in 
thickness. 

The  young  encysted  cercarise  can  be  seen  by  the  naked  eye,  in  a  piece  of  liver 
crushed  between  two  slides,  as  small  white  dots  lying  between  the  lobules. 

3.  Full  Grown  Cercarics  (Figs.  19  and  34). — These  are  contained  within 
a  cyst  from  0.26  to  1.0  mm.  in  length  and  0.4  mm.  in  width.  The  oral  sucker 
measures  0.07  to  0.09  mm.  in  diameter.  The  black-appearing  intestinal  canals 
are  thick  and  wind  on  both  sides  of  a  large  excretory  vesicle.  The  posterior 
sucker  (0.09  to  0.11  mm.  in  diameter)  is  a  little  larger  than  the  oral  one,  and 
tends  to  be  hidden  by  the  excretory  vesicle.  The  whole  surface  is  covered  with 
short  cilia.  The  thick  cyst,  measuring  0.01  to  0.014  mm.,  is  one  of  the 
characteristics  of  the  species.  The  cercarias  move  sluggishly  within  them.  The 
liver  usually  contains  three  to  four  and  never  more  than  ten.  The  muscles 
contain  few  cercariae;  the  gills  contain  the  most.  In  the  gills  of  one  crab  97 ■ 
full  grown  cysts  were  found.  The  cercariae  in  this  stage  are  detached  from  the 
gills  and  20  per  cent  are  found  floating  in  the  water.  Under  natural  conditions 
they  seem  to  leave  the  gills  and  drift  along  the  streams,  which  thereby  be- 
come a  source  of  infection  for  human  beings. 

The  above  observations  were  made  chiefly  on  Potamon  ohtusipes.  In  P.  de- 
haanii  and  Eriocheir  japonicus  the  development  takes  place  in  a  similar  way. 

Experimental  Injection  with  the  Encysted  Cercarice. 

In  order  to  determine  to  what  species  the  encysted  cercariae  in 
the  crab  belong,  tests  were  conducted  on  dogs.     Pups  born  in  the 
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regions  in  which  puhnonary  distomiasis  does  not  occur  were  chosen, 
since  dogs  are  liable  to  infection  under  natural  conditions.  Two 
pups  were  fed  twice,  on  September  23,  and  October  10,  1914,  with 
large  quantities  of  the  gills  and  Hvers  of  crabs  containing  encysted  cer- 
cariae.  One  of  them  died  on  December  9,  60  days  after  the  last 
feeding. 

Numerous  cysts  were  found  in  the  lungs.  Each  cyst  showed  two 
or  three  full  grown  distomas  that  contained  no  eggs  in  the  uterus. 
They  were  4  to  5  mm.  long  by  2  to  3  mm.  wide.  The  other  animal 
died  on. December  25,  75  days  after  the  last  feeding.  Numerous  cysts 
containing  egg-bearing  distomas  were  found  in  the  lungs.  The 
worms  were  6  to  7  mm.  long  and  3  to  4  mm.  wide,  just  one-half  the 
size  of  the  worms  of  spontaneous  infection  in  the  cat  and  dog  and 
in  man,  but  morphologically  they  were  identical  with  Paragonimus 
wester  manni. 

The  experiment  was  repeated  on  two  pups  from  a  non-infected 
region  (December  26,  1914,  to  February  7,  1915)  with  identical 
results.  On  another  occasion  animals  were  given  water  containing 
the  encysted  cercarias  which  had  been  detached  from  the  gills  of  the 
crab,  and  adult  distomas  developed  also  in  these  animals. 

The  Course  of  Penetration  of  the  Cercarice  in  the  Final  Host. 

Since  the  distomas  appear  to  reach  their  destination  in  the  hnal 
host  by  passing  through  the  walls  of  the  alimentary  tract,  the  next 
step  was  to  make  clear  their  course.  IMicroscopical  examination  of 
the  \dscera  of  the  infected  animals  indicated  that  the  distomas  passed 
through  the  walls  of  the  alimentar}^  tract  and  the  diaphragm,  and 
thus  reached  the  lungs.  Yamagiwa  (15)  beheves  that  the  distomas 
reach  the  lungs  by  way  of  the  Hver,  and  then  by  the  diaphragm,  the 
pleura,  etc.,  since  adherent  nodules  involving  these  organs  have  been 
demonstrated.  My  observations  were  made  in  the  early  stages,  so 
that  congestion  and  hemorrhage  of  the  mucous  membrane  of  the 
intestine  could  be  detected  as  well  as  petechiae  in  the  diaphragm 
and  lungs,  especially  the  lower  lobes.  By  stud>dng  the  petechia, 
points  were  found  through  which  the  worm  seemed  to  have  passed. 
At  this  early  period  I  concurred  with  Yamagiwa's  views.     Just  at 
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this  juncture  Yokokawa  (14)  discovered  many  distomas  floating  in 
the  serous  exudates  of  the  abdominal  and  thoracic  cavities  of  dogs 
to  which  encysted  cercariae  had  been  fed. 

At  the  suggestion  of  Dr.  Miyajima  of  the  Kitasato  Institute,  I  ex- 
amined a  dog  and  a  cat  sent  from  Shinchiku  where  they  had  been 
fed  encysted  cercariae,  for  more  than  10  days,  and  succeeded  in  de- 
termining the  path  of  penetration. 

Experiment  1. — A  pup  was  fed  from  April  15  to  27,  1915,  large  numbers  of 
crabs  gathered  in  the  savage  villages.  The  animal  died  on  April  27.  The  body 
cavity  was  opened  and  the  animal  immersed  in  10  per  cent  formalin. 

Macroscopical  examination  showed  petechiae  in  the  mucous  membrane  of 
the  intestine  near  the  jejunum.  The  other  abdominal  viscera  and  the  diaphragm 
presented  no  changes.  The  lungs  showed  general  pneumonic  areas.  Since  this 
condition  was  not  met  with  in  other  cases  it  must  be  regarded  as  a  complication. 

Nearly  the  whole  omentum  was  sectioned,  and  several  worms  were  found: 
one  (0.22  by  0.14  mm.,  smaller  than  usual  owing  to  the  fixation)  in  the  parenchyma 
of  the  omentum  near  the  greater  curvature  of  the  stomach,  another  (0.36  by  0.24 
mm.)  in  the  fat  tissue,  and  others  in  the  diaphragmatic  ligament  where  the  worms 
(0.3  by  0.18  mm.)  were  surrounded  by  hemorrhage.  No  worms  were  found  in 
the  liver  or  the  mediastinum,  and  none  were  detected  in  the  lungs.  Similarly, 
the  contents  of  the  lymphatic  system,  the  thoracic  cavity,  and  the  heart  were 
negative. 

Experiment  2. — A  cat  was  fed  for  15  days  with  a  large  number  of  encysted 
cercariae  (April  18  to  May  2,  1915),  when  it  was  chloroformed,  the  body  cavity 
opened,  and  the  animal  placed  in  formalin. 

On  macroscopical  examination  petechiae  of  various  sizes,  some  as  small  as  1 
mm.  in  diameter,  were  found  in  the  mucous  membrane  of  the  jejunum  (Fig.  26). 
A  note  by  the  collector  of  the  material  stated  that  four  or  five  grayish  white  vesi- 
cles were  present  on  the  diaphragm,  wliicb  uiuloublcdly  were  worms.  Small 
petechiae  were  present  in  the  capsule  of  the  spleen,  and  in  the  muscle  of  the  dia- 
phragm. The  surface  of  the  lungs,  especially  the  lower  lobes,  showed  many 
petechiae. 

Sections  were  made  through  the  basal  part  of  the  omentum,  the  liver,  the  liga- 
ment and  tendinous  part  of  the  diaphragm,  and  the  mediastinal  tissues,  but  no 
worms  were  found.  Large  portions  of  the  lungs  were  sectioned  and  worms  were 
found  entering  the  pleura  on  their  way  to  the  parenchyma  of  the  lungs.  In  sec- 
lions  made  through  the  jejunum  a  worm  (0.28  by  0.18  mm.)  was  found  that  had 
just  entered  the  external  layer  of  muscle.  This  path  was  indicated  by  the  torn 
muscle  fibers,  the  infiltrated  round  cells,  and  especially  the  eosinophil  cells  (Fig. 
35).  No  worms  were  found  in  the  ccelom;  hence  they  must  have  dropped  when 
the  material  was  fixed.     Worms  could  not  be  detected  in  the  act  of  piercing 
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the  lungs.  However,  in  an  experimental  animal  7  weeks  after  the  feeding,  a 
worm  (2.2  by  1  mm.)  that  had  already  reached  the  parenchyma  of  the  lungs 
was  found.  Thus,  it  may  be  said  that  the  path  by  which  the  worm  reaches  the 
lung  parenchyma  has  been  ascertained. 

In  brief,  the  results  of  my  observations  support  Yamagiwa's  view; 
for  they  establish  the  point  that  cercari^  of  Paragonimus  westermanni 
taken  per  os,  with  the  food,  pierce  the  intestinal  wall,  pass  into  the 
abdominal  cavity,  then  through  the  diaphragm  into  the  thoracic 
ca\dty,  and  finally  reach  the  lungs,  where  they  produce  cysts  and 
grow  into  adults. 

Since  my  discovery,  Yokokawa  (16)  has  also  reported  in  several 
papers,  pubUshed  in  Japanese,  minute  observations  on  the  same  sub- 
ject, and  they  have  been  further  supported  by  Kobayashi  (10)  and 
Ando(ll). 

Additional  experiments  were  carried  out  in  Formosa,  of  which  illus- 
trative protocols  are  here  given. 

,  Experiment  3. — From  April  18  to  May  16,  1915  (29  days),  a  kitten^  was  fed 
with  many  encysted  cercariae  and  then  killed  for  examination. 

The  mucous  membrane  of  the  intestines  was  found  to  be  congested,  and  several 
petechias  were  seen  in  the  jejunum.  Several  worms  were  attached  to  the  omen- 
tum. The  liver  was  hyperemic,  and  the  upper  portion  in  apposition  with  the 
diaphragm  was  perforated  by  small  pores  that  reached  the  parenchyma,  in  which 
young  distomas  were  seen  wriggling  in  and  out.  Many  younger  ones  were  also 
attached  in  the  same  region.  Several  worms  were  attached  to  the  liver  and  the  liga- 
ment of  the  diaphragm,  while  some  were  s^en  crawling  on  the  lower  surface  of 
the  diaphragm  itself  (Fig.  28).  The  capsule  of  the  spleen  presented  several  cyst- 
like protuberances  and  some  petechiae.  The  kidneys  were  normal.  By  wash- 
ing the  abdominal  cavity  with  saline  solution,  sixteen  young  distomas  were  ob- 
tained.    From  the  liver  and  the  diaphragm,  eleven  worms  were  obtained. 

In  the  thoracic  cavity  about  30  cc.  of  bloody  turbid  fluid  were  present,  which 
contained  one  worm.  The  parietal  pleura  showed  many  cysts  and  petechiae. 
On  the  thoracic  aspect  of  the  diaphragm  many  punctures  and  hemorrhagic  spots 
were  seen  and  some  worms  were  present  in  the  muscle  layer  (Fig.  36). 

Experiment  4. — From  April  28  to  May  16,  1915  (19  days),  a  kitten^  was  fed 
on  crabs  collected  among  the  savages. 

The  surface  of  the  liver  and  diaphragm  showed  numerous  perforations  in  which 
were  young  wriggling  worms.     The  muscular  layer  of  the  diaphragm  was  the 

^  These  two  animals  were  examined  by  my  assistants  in  the  Shinchiku  Hospi- 
tal during  my  stay  in  Tokyo. 
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seat  of  several  hemorrhagic  spots,  as  was  also  the  visceral  pleura.  Thirty-six 
worms  were  found  in  the  coelom,  and  thirty-five  on  the  surface  of  the  liver. 

Experiment  5. — 100  mature  encysted  cercariae  were  fed  per  os  to  a  kitten  at 
10  a.m.  and  4  p.m.  on  June  26,  1915.     The  animal  was  killed  6  hours  later. 

There  were  about  20  cc.  of  light  yellowish  fluid  in  the  abdominal  cavity;  no 
worms  were  found.  In  the  upper  part  of  the  ileum  a  young  distoma  that  had  just 
come  out  of  the  cyst,  and  another  still  in  the  cyst,  were  found;  in  the  jejunum 
were  found  numerous  specimens  of  Ascaris  mystax.  The  other  organs  were  nor- 
mal. The  fluke  found  in  the  ileum  measured  0.35  by  0.21  mm.  The  empty  cyst 
measured  0.28  mm. 

Experiment  6. — A  kitten  was  fed  with  100  full  grown  encysted  larvae  at  3  p.m. 
on  June  27,  1915,  and  killed  for  examination  at  2  p.m.,  July  17;  that  is,  3  weeks 
after  the  feeding. 

The  animal  was  somewhat  emaciated.  The  abdominal  cavity  contained  a 
smaU  quantity  of  cloudy  fluid;  no  worms  were  found.  The  serous  membrane 
of  the  intestine  was  congested.  One  worm  was  attached  to  the  surface  of  the 
liver.  Three  worms  were  seen  moving  on  the  abdominal  surface  of  the  diaphragm. 
A  worm  was  found  at  the  greater  curvature  of  the  stomach,  but  no  worms  were 
free  within  the  abdominal  cavity. 

The  thoracic  cavity  contained  a  large  quantity  of  cloudy  reddish  fluid  from 
which  twenty  worms  were  obtained.  Two  worms  were  attached  to  the  heart. 
Many  worms  were  found  on  the  pleura  where  the  sternum  comes  in  contact 
with  the  pleural  diaphragm.  The  lungs  presented  a  light  reddish  color  with  a 
few  scattered  hemorrhagic  spots.  In  the  central  portion  of  the  lower  lobe  of  the 
left  lung  one  grayish  cyst  as  large  as  the  tip  of  the  small  finger  was  found.  One 
or  two  worms  were  seen  intruding  into  the  pulmonary  pleura,  with  here  and 
there  cyst-like  protuberances. 

The  worms  in  the  thoracic  cavity  and  in  the  abdominal  cavity  are  identical. 
The  largest  specimen  measured  2.2  °by  1.4  mm.,  and  the  smallest  1.1  by  0.8  mm. 

Experiment  7. — A  kitten  was  fed  200  full  grown  encysted  larvae  at  noon  on 
July  1,  1915,  and  died  at  6  p.m.  on  July  19,  19  days  after  the  feeding.  Most  of 
the  encysted  larvae  fed  were  taken  from  the  gills  of  somewhat  decomposed  crabs. 

Emaciation;  the  abdominal  cavity  contained  a  small  quantity  of  fluid.  The 
intestinal  serosa  was  slightly  congested.  One  worm  was  attached  to  the  upper 
parietal  pleura;  two  worms  were  found  on  the  liver,  one  attached  to  the  serosa 
of  the  stomach,  and  another  to  the  serosa  of  the  duodenum.  A  very  smaU  worm 
was  free  within  the  abdominal  cavity.  The  surface  of  the  liver  showed  a  number 
of  vermicular  scars.  Two  worms  were  penetrating  the  capsule  of  Glisson.  One 
worm  was  attached  to  the  esophagus.  In  the  right  lung  were  seen  three  some- 
what large  hemorrhagic  spots.  Within  the  pleural  cavity  opposite  the  sixth 
right  intercostal  space  within  a  hyperemic  area  a  worm  lay  wedged  (Fig.  30). 

No  difference  in  size  was  noted  between  the  worms  in  the  thoracic  and  in  the 
abdominal  cavities.  The  largest  specimen  measured  1.5  by  0.7  mm.,  the  small- 
est 1.0  by  C.6  mm. 
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Experiment  8. — A  pup  was  fed  wath  227  full  grown  encysted  larvje  at  8  p.m., 
July  8,  1915,  and  died  at  about  2  a.m.,  July  14,  or  126  hours  after  the  feeding. 

A  large  quantity  of  light  yellowish  fluid  containing  two  or  three  worms  was 
found  in  the  abdominal  cavity.  The  intestines  showed  here  and  there  ulcerations 
in  the  mucous  membrane  and  innumerable  Ankylostoma  cgninum.  The  stomach 
contained  numerous  ascarides.  The  liver  showed  two  or  three  hemorrhagic 
spots,  and  similar  areas  occurred  in  the  muscular  layer  of  the  diaphragm. 

The  thoracic  cavity  contained  a  large  quantity  of  light  yellowish  fluid  and 
a  few  worms.  The  lungs  appeared  pale,  and  a  few  hemorrhagic  spots  were 
seen.  The  worms  in  the  abdominal  and  thoracic  cavities  were  generally  small, 
measuring  0.4  to  0.5  mm.  by  0.2  to  0.3  mm. 

Experiment  9. — X  pup  was  fed  fifty  full  grown  encysted  larvae  at  7  a.m.,  July 
9,  1915,  and  died  August  2;  that  is,  25  days  after  the  feeding.  The  abdominal 
ca\'ity  was  free  from  fluid.  One  distoma  was  attached  to  the  upper  left  quadrant 
of  the  parietal  peritoneum.  The  liver  was  hj^Deremic  and  showed  a  few  ser- 
pentine scars  on  the  surface.  One  worm  was  attached  to  the  omentum.  A  few 
hemorrhagic  spots  were  seen  in  the  muscular  layer  of  the  diaphragm. 

In  the  right  thoracic  ca\aty  was  a  small  quantity  of  bloody  turbid  fluid;  there 
was  none  in  the  left.  On  the  abdominal  aspect  of  the  diaphragm  one  active 
w'orm  was  seen,  and  another  in  the  diaphragmatic  ligament.  The  lungs  showed 
numerous  hemorrhagic  spots  but  no  cysts  (Fig.  31). 

The  largest  worm  measured  3.0  by  1.2  mm.,  and  the  smallest  1.2  by  0.6  mm. 

Experiment  10. — On  September  9  and  10,  1915,  a  pup  was  fed  30  and  40 
full  grown  encysted  larvae  respectively,  collected  in  a  savage  \'illage.  The  animal 
was  killed  45  days  after  the  last  feeding. 

No  fluid  was  present  in  the  abdominal  cavity.  One  worm  was  found  on  the 
abdominal  surface  of  the  diaphragm  and  another  on  the  diaphragmatic  surface 
of  the  liveii     Both  were  small. 

No  fluid  was  present  in  the  thoracic  cavity.  One  worm  was  attached  to  the 
mediastinal  tissues,  and  one  to  the  pericardium.  The  lungs  were  reddish  pur- 
ple in  color,  and  showed  numerous  dark  browaiish  red  hemorrhagic  specks  and 
gray  C5"St-like  scars.     The  right  lung  contained  about  ten  cysts,  the  left  only  one. 

The  largest  worm  measured  4.5  by  2.2  mm.;  and  the  smallest  was  about  one- 
half  that  size. 

Experifnent  11. — In  order  to  determine  whether  the  hairy  crabs  are  the  in- 
termediate host  of  the  worm,  a  pup  was  fed  200  crabs  between  July  27  and  August 
23,  1915,  after  the  carapace  and  the  legs  had  been  removed,  and  the  viscera  and 
the  muscles  minced.  The  animal  died  at  midnight  on  August  24.  The  crabs 
were  bought  in  the  market  of  Shinchiku  and  given  to  the  animal  without  examina- 
tion for  the  presence  of  the  larvae. 

On  the  surface  of  the  liver  were  one  or  two  small  hemorrhagic  spots.  In 
the  right  thoracic  cavity  was  a  small  quantity  of  bloody  fluid.  One  worm  was 
attached  to  the  lower  lobe  of  the  right  lung,  and  one  was  seen  crawling  over 
the  thoracic  surface  of  the  diaphragm.     The  lungs  were  pale  with  occasional  large 
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dark  bloody  flecks,  some  of  which  had  a  wound  in  the  central  part  where  the 
parenchyma  had  been  injured.  In  the  inferior  lobe  of  the  right  lung  was  seen 
a  small  dark  red  nodule,  which  had  a  small  cavity  in  the  center  from  5  to  7  mm. 
in  diameter  and  12  or  13  mm.  deep,  at  the  bottom  of  which  a  worm  was  found. 

In  the  ligament  of  the  diaphragm  were  seen  three  small  perforations  the  size 
of  a  pin-head.  In  the  muscular  layer  of  the  diaphragm  one  or  two  hemorrhagic 
spots  were  present. 

The  worms  in  the  thoracic  cavity  measured  3.0  by  1.5  mm.,  while  those  in 
the  abdominal  cavity  measured  2.4  by  1.2  mm. 

This  experiment  indicates  that  the  hairy  crabs  may  also  act  as  the  second 
intermediate  host  of  Paragonimus  westermanni. 

Eighteen  animals  were  employed^  in  the  experiments,  eleven  of 
which  are  reported  above. 

The  animals  were  given  per  os  a  comparatively  small  number  of 
encysted  larv«,  usually  about  100.  There  developed  in  consequence 
mild  infections  with  slight  pathological  changes. 

Table  I  gives  the  results  obtained. 

TABLE  I. 
Results  of  Feeding  Encysted  Larvce  of  Paragonimus  westermanni  to  Kittens  and  Pups. 


Experi- 
ment 
No. 

Species. 

Time  between  feed- 
ing and  examination. 

No.  of  worms. 

Size  of  worms. 

mm. 

1 

Kitten. 

6hrs. 

2 

0.35  X0.21 

2 

<( 

16   " 

3 

(< 

1  day. 

2 

0.3    X0.15 

4 

« 

2  days. 

1 

0.73X0.21 

5 

li 

2h  days. 

1 

0.5    X0.22 

6 

Pup. 

3  days,  15  hrs. 

2 

0.53X0.33 
0.51  X0.3 

7 

<( 

5     "      6  " 

5-6 

0.4-0.5X0.2-0.3 

8 

Kitten. 

14     " 

8 

0.73-1.47  X  0.44-1.1 

9 

(( 

18     " 

11 

1.5-1.0  X  0.7-0.6 

10 

<< 

21      " 

Over  25. 

2.2-1.1  X  1.4-0.8 

11 

Pup. 

4 

3.0-1.2  X  1.2-0.6 

« 

25     " 

10 

(No  measurement  taken.) 

12 

<<  if 

45     " 

4 

(Besides  numerous  cysts.) 

4.5X  2.2 

*Experiments  in  which  the  animals  were  kept  longer  than  45  days  after  the 
feeding  are  described  elsewhere. 

'With  the  exception  of  Experiments  1  to  4  and  11,  cercariae  were  given  to 
the  subject  only  once. 
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The  following  conclusions  have  been  reached.  Encysted  larvae 
taken  per  os  by  the  final  host  reach  the  jejunum,  where  they  emerge 
from  the  cysts  and  make  their  way  through  the  intestinal  epithelium 
into  the  submucosa  (Figs.  26  and  35).  From  that  structure  they 
pierce  the  muscular  layer  and  pass  into  the  abdominal  cavity.  This 
process,  required,  in  the  earliest  case,  24  hours.  Some  larvae  remain 
in  the  intestines  for  10  hours  or  more.  Once  in  the  abdominal  cavity 
the  worms  proceed  upward  along  the  mesentery  and  the  omentum  and 
reach  the  Hver  (Figs.  27,  29,  and  37),  where  they  become  attached 
to  the  diaphragm  which  is  pierced  at  the  Hgament  or  in  the  muscular 
region  (Figs.  28  and  36).  The  first  worms  pass  into  the  thoracic 
cavity  77  "hours  after  reaching  the  alimentary  canal,  but  most  of 
them  remain  on  or  in  the  Hver  for  some  time  before  they  reach 
the  thoracic  cavity. 

Some  fail  to  reach  the  lungs,  and,  as  Yokokawa  believes,  remain 
in  the  mesentery,  the  omentum,  and  the  semiiial  ducts,  forming  cysts. 
In  the  thoracic  cavity  they  often  remain  in  the  subvisceral  pleural 
region  or  in  the  serous  fluid.  While  in  the  pleural  cavity  they  seem 
to  grow  before  they  enter  the  lung  parenchyma  where  sooner  or  later 
they  form  cysts.  It  is  doubtful  whether  they  remain  in  the  pleural 
cavity  for  a  long  time  without  forming  cysts. 

The  changes  in  the  lungs  may  be  simmiarized  as  follows  (Figs.  31, 
32,  and  38).  3  days  after  the  feeding,  a  few  pin-head  hemorrhagic 
spots  appear  in  the  lungs.  They  are  the  beginning  of  wounds  caused 
by  the  worms.  In  about  14  days,  some  of  these  spots  become  dark 
red,  and  in  21  to  25  days  pale  cysts  have  developed.  Usually  the 
cysts  correspond  in  position  to  the  petechias.  The  following  phe- 
nomena have  also  been  observed.  In  some  instances,  45  days 
after  feeding  the  encysted  cercaris,  on  the  surface  of  the  lungs 
numerous  small  dark  red  cysts  are  formed  about  which  are  infiltra- 
tions of  pol>Tiuclear  leukocytes  or  round  cells  in  addition  to  the  red 
corpuscles.  In  50  days  the  surface  of  the  lungs  comes  to  have  numer- 
ous dark  reddish  hard  cysts  as  large  as  the  tip  of  the  little  finger. 
The  cut  surface  of  the  cyst  appears  dark  red,  from  a  previous  hemor- 
rhage; in  the  center  is  a  vacuole  the  size  of  a  pea.  The  distomas  when 
present  he  in  the  vacuole;  but  empty  ones  are  also  observed,  for  the 
worms  may  escape  into  the  neighboring  tissues.     After  about  90 
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days,  the  cysts  have  become  bluish  gray.  On  section  a  vacuole  as 
large  as  a  bean  is  found,  in  which  porridge-like  matter  or  one  or  two 
mature  distomas  are  seen.  In  the  latter  case  one  of  the  two  may 
be  found  dead.  The  walls  of  the  cyst  are  composed  of  a  thin  layer 
of  connective  tissue. 

The  cyst  wall  may  in  some  regions  be  wanting,  the  lumen  being 
connected  directly  with  the  air  spaces,  a  bronchus,  or  radicle  of  the 
pulmonary  vein.  Thus  it  is  seen  how  the  regional  bleeding  or  pneu- 
monic infiltration  of  the  alveoli  originates.  Eggs  were  observed  in 
worms  90  days  after  the  feeding.  When  they  are  shed,  they  he  some- 
times in  the  cysts,  but  oftener  in  the  parenchyma  of  the  lungs, 
mingling  with  the  erythrocytes  and  leukocytes,  epithelial  cells  of  the 
lungs,  or  cellular  detritus,  etc.  The  bronchi  and  bronchioles  near 
the  lesions  are  dilated  and  contain  erythrocj^tes  or  leukocytes  together 
with  eggs.  The  microscopical  changes  described  indicate  that  the 
worms  do  not  always  remain  within  the  cysts,  but  may  emigrate 
into  other  parts  of  the  lungs. 

Development  of  Cercarice  in  the  Final  Host. 

The  size  of  the  distoma  depends  upon  (a)  the  initial  size  of  the 
cercariae  and  (b)  the  nutriment.  The  following  figures  give  the 
measurement  of  specimens  fixed  with  alcohol. 


TABLE  II.       . 
Size  of  Paragonimus  westermanni  at  Various  Ages. 


Age. 

Length. 

Breadth. 

days 

mm. 

mm. 

Just  hatched. 

0.3  -0.48 

0.18-0.23 

3 

0.44-0.48 

0.23-0.26 

6 

0.44-0.53 

0.26-0.32 

14 

0.65-0.95 

0.37-0.61 

18 

0.8  -1.6 

0.4  -0.85 

21 

l.i  -2.0 

0.8  -1.1 

25 

0.9  -2.2 

0.7  -1.3 

45 

2.5  -3.5 

1.5  -2.0 

60 

4.0  -5.0 

2.0  -3.0 

90 

6.0  -7.0 

3.0  ^.0 
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Young  worms  (Figs.  39  to  42)  have  relatively  large  suckers,  as  shown  by  the 
measurement  of  fresh  specimens.  The  larvae  which  have  just  left  the  cysts  pre- 
sent an  oral  sucker  whose  diameter  is  0.07  to  0.09  mm.  and  a  ventral  sucker  0.09 
to  0.11  mm.  in  diameter.  In  a  14  day  old  specimen  (i.e.,  after  the  feeding)  the 
oral  sucker  is  0.14  to  0.23  mm.  and  the  ventral  sucker  0.16  to  0.26  mm.;  in  21 
day  old  specimens  the  oral  sucker  is  0.22  to  0.33  mm.  and  the  ventral  sucker  0.23 
to  0.36  mm. ;  in  those  45  days  old  the  oral  sucker  is  0.3  to  0.5  mm.  and  the  ven- 
tral 0.33  to  0.53  mm.  in  diameter. 

The  encysted  cercariae  have  a  large  excretory  vesicle,  occupying  nearly  the 
whole  central  body  space,  which  is  filled  with  a  black  granular  substance.  In 
the  final  host  the  contents  escape  and  the  vesicle  becomes  a  small  dark-appearing 
space. 

The  development  of  the  genital  organs  takes  place  slowly.  In  a  young  worm 
just  out  of  the  cyst,  the  gonads  are  hardly  visible.  In  a  2  week  specimen  gonidial 
regions  appear  which  are  deeply  stained  by  borax  carmine.  In  18  to  21  day  speci- 
mens the  differentiation  of  the  ovaries  and  the  uterus  has  taken  place.  The 
ootypes  appear  as  small  groups  of  cells,  one  on  each  side  of  and  posterior  to  the 
ventral  sucker.  The  uterus  is  a  simple  winding  tube.  The  testes  make  their 
appearance  at  a  region  corresponding  to  the  ovaries.  In  a  25  day  specimen 
(Fig.  42)  both  the  ovaries  and  the  testes  have  sent  out  several  branches.  In  50 
day  specimens  (Fig.  43)  the  gonads  are  mature,  but  the  yolk  glands  are  not  yet 
fully  developed.  The  90  day  specimens  (Fig.  44)  lay  eggs  and  have  mature 
yolk  glands.  To  sum  up,  within  3  weeks  the  rudimentary  genital  organs  make 
their  appearance  and  within  3  months  they  begin  to  function. 

Resistance  of  the  Encysted  Cercarice  to  Environmental  Influences. 

It  is  of  importance  for  the  prevention  of  pulmonary  distomiasis 
to  determine  the  power  of  resistance  of  encysted  cercariae  to  external 
influences. 

Young  encysted  cercarias  are  so  deHcate  that  they  die  in  a  few  hours 
after  becoming  detached  from  a  crab.  They  never  develop  in  the 
final  host,  a  fact  experimentally  proved  by  feeding  them  to  a  dog. 

If  full  grown  encysted  cercariae  are  artificially  removed  from  the 
gills  of  the  crabs  and  put  into  clear  water,  they  soon  swell  and  curl 
within  the  cysts  similarly  to  other  distomas.  If  the  cercariae  are  small, 
they  remain  inactive  for  a  day  or  two  or  even  longer  within  the 
cysts.  Encysted  cercariae  kept  in  clear  water  for  ahnost  3  days 
either  remain  curled  up  or  develop  a  remarkably  enlarged  excretory 
vesicle  and  compressed  intestine.  None  wriggled,  but  one  or  two 
dead  worms  were  seen  to  have  shed  the  cysts.     On  another  occasion 
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the  encysted  cercariae  still  attached  to  the  gills  were  put  into  the 
water  and  allowed  to  stand  for  some  time  at  room  temperature  (about 
30°C.)-     After  3  days  the  results  were  as  shown  in  Table  III. 


TABLE  in. 

Behavior  of  Encysted  Cercarice  in  Water. 


No.  of  gills. 

Total  No.  of 
encysted 
cercarisE. 

Empty  cysts. 

Dead  cysts. 

Lining  cysts. 

Free  cercariae. 

1 

16 

7 

3 

6 

1 

2 

6 

3 

1 

2 

- 

3 

7 

2 

1 

4 

1 

4 

3 

1 

2 

1 

5 

3 

1 

1 

1 

- 

6 

7 

5 

- 

2 

1 

Total. 

42 

19 

6 

17 

4 

(45.2%) 

(14.3%) 

(40.5%) 

(9.5%) 

From  this  table  it  is  seen  that  about  half  the  encysted  cercariae 
hatched,  while  the  other  half  remained  within  the  cysts  although 
still  aHve.  A  few  were  found  dead  inside  the  cysts.  The  remainder 
of  the  cysts,  reexamined  5  days  later,  were  found  either  evacuated 
or  dead. 

As  Kobayashi  (5)  has  shown  with  Clonorchis  sinensis,  the  encyst- 
ed cercariae  of  Paragonimus  westermanni  leave  the  cysts  on  being 
kept  several  hours  in  fresh  water,  and  the  empty  cysts  are  often 
seen  in  the  alimentary  canal  of  the  final  hosts,  and  it  may  therefore 
be  inferred  that  the  cercariae  escape  before  the  cysts  are  digested  in 
the  intestine.  In  the  winter,  however,  when  the  temperature  in 
Shinchiku  is  about  15°C.,  the  cercariae  do  not  escape  from  the  cysts 
even  if  kept  in  fresh  water  for  2  weeks  or  more. 

The  question  arises  whether  the  cercariae  would  infect  herbivorous 
animals  since  they  are  liberated  without  any  external  agency. 
Ando  (17)  reported  the  successful  infection  of  white  mice,  guinea 
pigs,  and  rabbits,  to  which  encysted  cercariae  had  been  fed.  I  also 
made  experiments  upon  mice,  but  have  reached  the  conclusion  that 
the  infection  seems  more  difficult  to  achieve  in  these  small  animals 
than  in  dogs  and  cats. 
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The  newly  hatched  cercariae  do  not  resist  even  slight  temperature 
changes.^  In  the  summer  in  Shinchiku  when  the  room  temperature 
is  about  30°C.  they  all  die  in  20  to  30  hours.  As  long  as  the  encysted 
cercarias  remain  in  cold  streams  ready  to  enter  the  final  host,  they 
do  not  become  Kberated.  It  is  of  interest  from  the  standpoint  of 
the  prevention  of  distomiasis  that  the  free,  living  cercariae  may  be 
swallowed  by  man  with  water  or  food  without  harm. 

On  the  other  hand,  the. full  grown  cercariae  are  enclosed  within 
cysts  much  thicker  than  those  of  any  other  known  species.  The 
cysts  are  impermeable  to  both  parafl&n  and  celloidin.  The  resistance 
was  tested  with  results  which  may  be  stated  as  follows: 

When  the  crabs  containing  them  are  roasted  over  the  fire  until  the  muscles 
turn  white  the  cercariae  are  killed.  Heating  the  crabs  in  water  at  55°C.  for  5 
minutes  also  destroys  them. 

Heating  the  encysted  cercariae,  removed  from  the  crab,  in  water  at  45°C.  for 
37  minutes  does  not  kill  them,  but  after  heating  to  55°C.  for  10  minutes  or  to 
70°C.  for  5  minutes,  they  are  killed. 

The  encysted  cercariae  survive  in  1  per  cent  solution  of  sodium  chloride  for 
3  hours,  or  in  10  per  cent  solution  for  2  hours.  They  first  shrink  but  are  soon 
restored  to  normal  when  transferred  to  fresh  water. 

The  encysted  cercariae  contained  on  the  crabs'  gills  were  put  in  soya  sauce. 
At  the  end  of  30  minutes  they  were  alive,  but  after  9  hours  they  were  killed. 
50  specimens  of  the  larger  encysted  cercariae  which  had  been  immersed  in  soya 
sauce  for  2  hours  were  fed  to  a  kitten  which  when  killed  3  weeks  later  was  found 
not  to  be  infected. 

Immersion  in  vinegar  for  30  minutes  does  not  kill  the  cercarise,  but  immersion 
for  an  hour  does. 

The  above  experiments  may  be  summarized  as  follows:  The  cer- 
cariae are  Kberated  under  natural  conditions,  if  the  temperature  is 
high  enough.  When  hatched  they  have  little  power  of  resistance  to 
injurious  influences.  Within  the  cysts,  on  the  contrary,  they  are 
hardy  and  withstand  for  quite  a  time  immersion  in  solutions  of  table 
salt,  soya  sauce,  and  vinegar.  Hence,  crabs  are  dangerous  unless 
they  have  been  in  soya  sauce  or  vinegar  for  2  hours  or  more  after 
their  carapaces  are  removed.     A  solution  of  table  salt  at  the  con- 

■*  This  was  confirmed  by  the  experiments  of  Matsui,  Y.,  Biological  studies  on 
the  cercariae  of  the  pulmonary  distoma.  Hokuyetsu  Igakkwai  Zasshi,  1915,  xxx, 
No.  3. 
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centration  used  for  culinary  purposes  is  not  strong  enough  to  kill 
cercariae.  Though  the  cercariae  are  not  especially  resistant  to  heat, 
half  boiled  or  half  roasted  crabs  are  unsafe  as  food. 

Principal  Causes  of  the  Prevalence  of  Pulmonary  Distomiasis 
and  Its  Prevention. 

It  still  remains  to  be  determined  how  human  pulmonary  distomiasis 
is  caused.  At  first  I  entertained  the  notion,  in  conformity  with  that 
of  Ando  (11)  and  Moriyasu,  Aruna,  and  Tanakamaru  (13),  that  the  en- 
cysted cercariae,  separated  from  the  gills,  which  survive  for  a  time  on  the 
surface  of  the  water  and  which  may  be  found  free  in  water  in  which 
infected  crabs  have  been,  are  the  sources  of  infection.  But  later  I 
concluded  that  the  eating  of  crabs  containing  the  cercariae  is  the 
chief  cause  of  the  disease.  Of  twenty-two  patients  suffering  from 
the  disease,  seventeen,  or  77  per  cent,  gave  a  history  of  eating  hairy 
crabs  and  three,  or  13.6  per  cent,  red  crabs. 

An  objection  to  this  view  may  be  found  in  the  fact  that  only  about 
0.5  per  cent  of  the  crabs  are  infected.  But  a  similar  condition  is 
found  in  Hver  distomiasis,  for  Kobayashi  (5)  has  affirmed  that  the 
least  infected  fish,  Carassius  auratus,  is  responsible  for  most  of  the 
hepatic  distomiasis.  This  view  is  supported  by  the  statement  that 
raw  crabs  are  eaten  in  some  parts  of  Japan  and  particularly  in  the 
highly  infected  regions  of  Korea. 

Hence  it  may  be  concluded  that  the  eating  of  raw  or  imperfectly 
prepared  crabs  and  the  drinking  of  river  water  which  they  inhabit 
are  the  two  principal  causes  of  puhnonary  distomiasis. 

CONCLUSIONS. 

1.  The  morbidity  of  pulmonary  distomiasis  among  the  school 
children  in  the  plains  of  the  Prefecture  of  Shinchiku  is  4.3  per  cent, 
while  in  the  mountainous  regions  among  the  savages  it  reaches  in 
some  districts  50  per  cent. 

2.  Seventeen  species  of  cercariae  were  discovered  in  fresh  water 
mollusks  in  the  Prefecture  of  Shinchiku,  Formosa.  But  it  was 
impossible  to  ascertain  from  morphological  characteristics  alone 
which  of  them  developed  into  the  pulmonary  fluke.     Consequently, 
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the  eggs  of  the  pulmonary  fluke  after  hatching  into  miracidia  were 
allowed  to  come  into  contact  with  several  species  of  fresh  water 
moUusks,  of  which  they  infected  two.  But  as  it  was  difficult  to  keep 
the  two  species  aHve  in  the  aquarium  long  enough  to  get  cercariae, 
the  second  intermediate  hosts  of  the  pulmonary  distomas  were  looked 
for  in  the  severely  infected  villages  of  the  savage  tribes. 

3.  The  miracidia  of  the  pulmonary  distomas  leave  the  egg  about 
4  weeks  after  they  are  first  set  free  in  the  water,  and  if  they  do  not 
reach  mollusks  they  soon  die. 

4.  Three  species  of  fresh  water  mollusks  were  found  to  act  as  the 
first  intermediate  host  of  the  pulmonary  distomas;  viz.,  Melania 
liber tina  Gould,  Melania  tuber culata  Mueller,  and  Melania  oblique- 
granosa  Smith. 

5.  The  cercariae  of  the  pulmonary  distoma  may  be  identified  by 
their  small  size  and  a  spine  in  the  oral  sucker.  They  develop  in 
the  liver  of  the  three  species  of  Melania  mentioned  above. 

6.  The  second  intermediate  hosts  of  the  pulmonary  distoma,  detected 
in  the  Prefecture  of  Shinchiku,  are  the  following  three  species  of  fresh 
water  crabs :  Potamon  (Geothelphusa)  obtusipes  Stimpson  (native  name, 
red  crab),  Potamon  (Geothelphusa)  dehaanii  Whitt  (native  name,  dung 
crab), and  Eriocheir  japonicus  De  Haan  (native  name,  hairy  crab).  In 
addition  it  was  discovered  that  the  following  two  species  might  act 
as  intermediate  hosts :  Sesarma  dehaanii  Milne-Edwards  and  Potamon 
(Parathelphusa)  sinensis  Milne-Edwards.  In  Formosa  four  of  the 
five  species  are  the  carriers  of  the  cercariae, 

7.  The  encysted  cercariae  are  found  in  the  gills,  fiver,  and  muscle, 
and  have  an  elongated  dark  excretory  vesicle  in  the  middle  of  their 
bodies.     They  resemble  the  adult  flukes. 

8.  FuU  grown  encysted  cercariae  fed  to  dogs  develop  into  mature 
pulmonary  distomas  and  begin  to  lay  eggs  in  about  90  days. 

9.  In  the  final  host  the  parasites  are  taken  into  the  alimentary 
canal  as  encysted  cercariae.  They  Hberate  themselves  from  the 
cysts  in  the  intestine  and  bore  through  the  jejunum  into  the  abdomi- 
nal cavity.  They  then  pierce  the  diaphragm,  enter  the  thoracic 
cavity,  and  piercing  the  pleura  reach  tjie  lungs.  In  the  parenchyma 
of  the  lungs  they  form  cysts  and  develop  into  adult  forms. 
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10.  The  chief  causes  of  pulmonary  distomiasis  are  the  eating  of 
raw  or  insufficiently  cooked  crabs  infected  with  the  cercarias  of  Para- 
gonimus  westermanni,  and  the  drinking  of  river  water  containing 
them. 

In  conclusion  the  author  wishes  to  express  his  indebtedness  to 
Professor  Takaki,  Chief  of  the  Scientific  Research  Institute  of  the 
Taiwan  Government,  and  others  who  have  given  him  valuable 
assistance. 
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EXPLANATION  OF  PLATES. 
Plate  22. 

Early  developmental  stages  of  Paragonimus  westermanni. 

Fig.  1.  Eggs  in  fresh  sputum.     Zeiss  oc.  2,  obj.  tV,  oil  immersion. 

Figs.  2  to  4.  Eggs  in  various  stages  of  development.  Zeiss  oc.  2,  obj.  ^V,  oil 
immersion. 

Fig.  5.  Free  swimming  miracidia.     Zeiss  oc.  2,  obj.  iz,  oil  immersion. 

Figs.  6  to  8.  Sporocysts  in  Melania  libertina.    Zeiss  oc.  2,  obj.  tV,  oil  immersion. 

Fig.  9.  Cercaria  developed  in  Melania.     Zeiss  oc.  2,  obj.  tV,  oil  immersion. 

Figs.  10  to  14.  The  youngest  cercariae  that  lie  in  the  liver  of  the  fresh  water 
crab,  Potamon  ohtusipes.     Zeiss  oc.  2,  obj.  AA. 

Figs.  15  to  18.  Encysted  young  cercariae  in  the  liver  of  a  crab.  Zeiss  oc.  2, 
obj.  AA. 

Fig.  19.  Full  grown  encysted  cercaria.     Zeiss  oc.  2,  obj.  AA. 

Plate  23. 

Fig.  20.  Fresh  water  univalves,  the  first  intermediate  host  of  Paragonimus 
westermanni.  Natural  size,  a,  Melania  libertina  Govild;  b,  Melania  obliquegra- 
nosa  Smith. 

Fig.  21.  Fresh  water  crab,  Potamon  obtusipes  Stimpson,  the  second  inter- 
mediate host  of  Paragonimus  westermanni.     Natural  size. 

Fig.  22.  Fresh  water  crab,  Potamon  dehaanii  White,  the  second  intermediate 
host  of  Paragonimus  westermanni.     Natural  size. 

Plate  24. 

The  second  intermediate  hosts  of  Paragonimus  westermanni. 
Fig.  23.  Potamon  sinensis  Milne-Edwards.     Natural  size. 
Fig.  24.  Sesarma  dehaanii  Milne-Edwards.     Natural  size. 
Fig.  25.  Eriocheir  japonicus  De  Haan.     Natural  size. 
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Plate  25. 


Fig.  26.  Jejunum  of  a  kitten  experimentally  infected  by  Paragonimus  wester- 
manni.     Natural  size,     a,  petechias;  b,  mesentery. 

Fig.  27.  Omentum  of  the  same  film  to  show  the  worm  attached  on  the  sur- 
face.    Natural  size,     a,  young  worm;  b,  stomach. 

Plate  26. 

Fig.  28.  Diaphragm  of  a  kitten  that  had  been  experimentally  infected  by 
Paragonimus  westermanni.  Natural  size,  a,  young  worm  just  piercing  through 
the  muscular  layer;  b,  petechiae  produced  by  the  worm;  c,  tendinous  region  of 
the  diaphragm. 

Fig.  29.  Liver  of  the  animal  shown  in  Fig.  28.  Natural  size.  The  brown 
irregular  lines  indicate  the  path  of  the  young  worm. 

Plate  27. 

Fig.  30.  Intercostal  muscle  of  a  kitten  that  had  been  experimentally  infected 
by  Paragonimus  westermanni.  Natural  size,  a,  ribs;  b,  intercostal  muscle; 
c,  young  worm. 

Fig.  31.  Lungs  of  a  pup  experimentally  infected  by  Paragonimus  westermanni. 
The  specimen  was  examined  a  few  days  after  feeding.    Natural  size,    a,  petechiae. 

Fig.  32.  Lungs  of  a  pup  experimentally  infected  by  Paragonimus  westermanni, 
50  days  after  feeding.     Several  cysts  are  present.     Natural  size,     a,  cysts. 

Plate  28. 

Fig.  33.  Section  of  the  liver  of  Melania  libertina  that  harbors  the  cercariae. 
a,  liver  parenchyma;  b,  cercariae.     Zeiss  oc.  2,  obj.  DD. 

Fig.  34.  Section  of  the  gills  of  Potamon  obtusipes,  infected  by  encysted  cer- 
cariae.   a,  encysted  cercariae.    Zeiss  oc.  2,  obj.  AA. 

Plate  29. 

Fig.  35.  Section  of  the  jejunum  of  a  kitten  experimentally  infected,  a,  mucous 
membrane;  b,  connective  tissue;  c,  internal  muscular  layer;  d,  external  muscular 
layer;  e,  young  distoma  piercing  through  the  intestinal  wall;/,  worm  track.  Zeiss 
oc.  2,  obj.  AA. 

Fig.  36.  Section  of  the  diaphragm  of  a  kitten  experimentally  infected,  a, 
young  worm  in  the  muscle  of  the  diaphragm.     Zeiss  oc.  2,  obj.  AA. 

Plate  30. 

Fig.  37.  Section  of  the  liver  of  a  kitten  experimentally  infected,  showing  the 
hemorrhagic  spots  caused  by  the  young  worm,  a,  hemorrhagic  spots.  Zeiss 
oc.  2,  obj.  AA. 

Fig.  38.  Section  of  the  lung  of  a  pup  experimentally  infected;  60  days  after 
feeding,     a,  half  grown  worm.    Zeiss  oc.  2,  obj.  AA. 
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Plate  31. 


Various  developmental  stages  of  Paragonimus  wesierm^nni  in  the  final  host. 

Fig.  39.  Young  worm,  3  days  after  feeding.     X  30. 

Fig.  40.  Young  worm,  14  days  after  feeding.      X  30. 

Fig.  41.  Young  worm,  21  days  after  feeding.      X  30. 

Fig.  42.  Young  worm,  25  days  after  feeding,     x  30. 

Fig.  43.  Half  grown  worm,  50  days  after  feeding.     X  15. 

Fig.  44.  Mature  worm  90  days  after  feeding,     x  15. 
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(Nakagawa:  Pulmonary  distomiasis.) 
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(Nakagawa:  Pulmonary  distomiasis. ) 
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(Xakagawa:  Pulmonary  distomiasis.) 
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(Nakagawa:  Pulmonary  distoraiasis.) 
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(Nakagawa:  Pulmonary  distomiasis.) 
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(Nakagawa.:  Pulmonary  distomiasis.) 
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THE  DISTRIBUTION  IN  THE  HUMAN  BODY  OF  SPIRO- 
CH.ETA  ICTEROH^MORRHAGI^.* 

By  RENJIRO  KANEKO,  M.D.,  and  KIKUZO  OKUDA,  M.D. 

{From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 

Japan.) 

(Received  for  publication,  February  20,  1917.) 

The  material  examined  came  from  autopsies  performed  on  forty- 
three  patients  who  died  at  various  stages  of  ilbiess,  as  shown  in  the 
table.  The  ages  ranged  from  2  to  73  years.  There  were  36  males 
and  7  females.  5  patients  had  cirrhosis  of  the  liver,  9  a  mixed  in- 
fection. In  19  cases,  serum  was  administered  in  varying  quantities; 
1  was  treated  with  salvarsan.  In  a  number  of  cases,  only  the  \'ital 
organs  were  examined.  As  a  rule,  these  organs  were  placed  in  a  10 
per  cent  formalin  solution;  a  few  were  treated  with  Orth's  fluid. 
All  the  material  examined  was  impregnated  \^dth  silver,  according  to 
Levaditi's  method. 

General  Distribution  of  the  Spirochetes. 

Inada^  and  Ido  have  di^ided  the  progress  of  Weil's  disease  into 
three  chnical  stages;  (1)  febrile,  (2)  icteric,  (3)  convalescent.  As  the 
distribution  of  the  spirochete  varies  in  the  different  stages,  which  are 
not  sharply  demarcated,  we  shall  discuss  the  findings  for  each  stage 
separately. 

Febrile  Stage. — This  period  continues  to  the  6th  or  7th  day  of  illness.  The 
clinical  sjTnptoms  are  fever,  intestinal  disturbances,  headache,  muscular  pains, 
h>TDeremia  of  the  conjunctiva,  and  albuminuria.  The  blood  is  pathogenic  for 
guinea  pigs.     No  immune  bodies  could  be  demonstrated  b}^  Pfeiffer's  test. 

Spirochetes  in  large  numbers  are  present.  Their  distribution  resembles  in 
general  that  in  the  experimental  guinea  pigs.     The  organisms  are  lodged  mainly 

*  Presented  in  April,  1916,  before  the  Japanese  Congress  on  Internal  Medicine 
and  the  Japanese  Pathological  Congress. 

^  Inada,  R.,  The  clinical  aspects  of  spirochaetosis  icterohaemorrhagica  or  Weil's 
disease,  J.  E.xp.  Med.,  1917,  xx\'i,  355. 
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in  the  liver,  kidneys,  and  suprarenals.  Immune  bodies  are  present  as  early  as 
the  5th  day,  and  we  may  assume  that  they  exist  even  prior  to  that  time,  but  as 
death  does  not  usually  occur  so  early  in  the  disease,  opportunity  was  lacking  for 
substantiating  this  point.  In  the  patient  treated  with  salvarsan,  who  died  on  the 
6th  day,=  spirochetes  were  found  in  the  liver.  That  organ  showed  cirrhotic 
changes,  and  it  is  possible  that  the  irregular  distribution  is  related  to  this  con- 
dition, although  a  similar  distribution  was  found  in  a  patient  dying  on  the  8th 
day,  as  well  as  in  the  animals  treated  with  serum  or  salvarsan.  We  believe  that 
the  destruction  of  spirochetes  in  the  liver  and  their  irregular  distribution  are  due 
to  the  presence  of  immune  bodies.  The  spirochetes  in  the  suprarenals  of  this 
patient  were  distributed  in  groups. 

By  the  7th  day  the  spirochetes  in  the  liver  have  been  almost  completely  de- 
stroyed, and  are  found  but  rarely  thereafter.'  We  found  only  a  few  in  2  cases 
on  the  7th  day,  in  5  cases  on  the  8th  day,  and  in  8  cases  on  the  9th  day  of 
illness. 

In  the  suprarenals  spirochetes  have  not  been  clearly  demonstrated  on  the 
7th  day,  but  it  is  certain  that  by  the  8th  day  their  almost  complete  destruction 
has  been  attained.  The  organisms  are  usually  found  in  the  kidneys  on  the  6th 
and  7th  days. 

Numerous  spirochetes  were  also  found  in  the  pancreas,  cardiac  muscles,  in  the 
intestinal  wall,  the  prostate,  testicles,  epididymis,  the  walls  of  the  urinary  blad- 
der, and  the  arteries.  The  spleen  and  the  lymph  glands  showed,  also  in  the 
experimental  animals,  a  small  proportion  of  spirochetes. 

The  distribution  of  Spirochceta  icterohcBmorrhagia  in  human  beings 
on  the  whole  parallels  that  found  in  guinea  pigs,  with  the  exception 
that  in  man  the  organisms  are  more  loosely  and  irregularly  scat- 
tered and  also  show  a  greater  degree  of  degeneration.  These 
differences  are  attributable  to  the  immune  bodies.  It  is  e\ident 
from  the  infection  experiments  made  with  the  blood  of  patients  that 
development  of  immune  bodies  is  already  under  way  as  early  as  the 
5th  or  the  6th  day.  No  opportunity  has  presented  itself  to  investi- 
gate the  distribution  of  spirochetes  at  the  beginning  of  illness,  be- 
fore the  immune  bodies  have  appeared,  but  recently  we  observed  a 
patient  who  on  the  4th  day  showed  numerous  spirochetes  in  the 
blood,  similar  to  the  findings  in  the  guinea  pig. 

*  This  case  was  kindly  put  at  our  disposal  by  Dr.  Takeya,  Chief  of  the  Sec- 
ond Medical  Clinic,  to  whom  we  are  greatly  indebted. 

*  Dr.  lida,  Assistant  in  the  Second  Medical  Clinic,  in  one  case  found  an  abund- 
ance of  spirochetes  in  the  liver  of  a  patient  dying  on  the  8th  day. 


RENJIRO   KA.NEKO   AND   KIKUZO   OKUDA  327 

Icteric  Stage. — This  stage  covers  a  period  from  the  7th  or  8th  to  the  12th  or 
13th  day  of  illness.  The  icteric  condition  is  then  at  its  height  and  the  mortality 
is  greatest.  The  proportion  of  autopsies  was  twenty-one  out  of  forty-three  cases. 
Further  development  of  the  immune  bodies  takes  place  during  this  stage,  and 
they  can  be  demonstrated  in  the  blood. 

In  the  course  of  this  period  the  spirochetes  disappear  from  the  blood,  and 
infection  experiments  are  usually  negative.  Destruction  of  the  spirochetes  in  the 
organs  takes  place.  They  disappear  almost  completely  from  the  liver  and  the 
suprarenals,  leaving  only  a  slight  degenerated  residue,'*  but  can  be  traced  more 
or  less  readily  in  the  kidneys,  cardiac  muscles,  skeletal  muscles,  particularly  the 
gastrocnemius,  and  rectus  abdominis,  the  walls  of  the  intestine,  especially  the 
appendix,  large  intestine,  and  stomach,  prostate,  urinary  bladder,  testicles,  and 
epididymis,  thymus,  and  uterine  muscles.  They  are  most  constantly  found  in 
the  kidneys  and  the  cardiac  muscles,  but  even  here  the  organisms  are  not  very 
numerous. 

On  the  whole,  the  spirochetes  during  this  stage  are  more  abundant 
in  the  cells  (epithehal,  muscular,  etc.).  Those  located  in  the  kidneys 
are  found  in  the  tubules.  There  are  massed  foci  in  the  interstitial 
spaces.  Frequently  the  spirochetes  are  found  in  coagulated,  homo- 
geneous, or  hyaline  substance,  such  as  urinary  casts,  degenerated 
hyaline  muscle  cells,  etc. 

Convalescent  Stage. — This  stage  begins  variously  from  the  13th  to  the  16th 
day  of  illness.  The  immune  bodies  are  then  fully  developed,  and  spirochetes  are 
abundantly  excreted  with  the  urine. 

■*  The  abundance  of  spirochetes  in  Dr.  lida's  case  (8th  day)  must  be  considered 
exceptional. 

In  the  table  the  following  signs  are  used: 

*  Cirrhosis  of  liver. 

t  Cirrhosis  and  cancer  of  liver. 

%  Mixed  infection. 

-l-,very  sparse  distribution  of  spirochetes;  1  or  a  few  to  a  specimen.  +, 
sparse  distribution.  Spirochetes  can  be  found  readily;  10  to  20  to  a  preparation, 
1  in  one  or  more  fields.  ^  ^,  spirochetes  relativel}'^  numerous,  1  lOr  more  to  a  field, 
many  in  a  preparation.  ■!■  +  +,  spirochetes  numerous ;  some  in  every  field ;  perhaps 
many  in  a  single  field.     — ,  negative.     No  spirochetes  in  1  or  more  specimens. 

The  immune  serum  was  given  chiefly  intravenously;  the  figures  in  bold-faced 
type  indicate  subcutaneous  administration. 

Case  12  was  placed  at  our  disposal  through  the  kindness  of  Dr.  lida.  Assistant 
in  the  Second  Medical  Clinic  of  the  University;  Case  41  by  Mr.  Onuma,  Director 
of  the  Chibaken  Board  of  Health.     We  desire  herewith  to  express  our  thanks. 
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In  the  organs,  with  the  exception  of  the  kidneys  and  the  heart,  complete 
destruction  of  spirochetes  has  taken  place.  The  kidneys,  on  the  other  hand, 
show  the  organisms  constantly,  ai)d  particularly  in  the  tubules.  In  Case  42 
they  could  be  demonstrated  in  the  urine  up  to  the  5Sth  day.  The  experimental 
animals  treated  with  immune  serum  and  salvarsan  also  harbored  spirochetes  in 
their  kidneys  for  a  long  time  after  recovery.  It  was  observed  in  white  rats, 
mice,  rabbits,  and  occasionally  in  guinea  pigs,  that  the  spirochetes  lodge  solely 
in  the  kidneys. ^  The  relationship  of  the  spirochetes  to  the  kidneys  is  note- 
worthy in  that  the  immune  bodies  are  ineffectual  against  the  organisms  contained 
in  the  kidney  tubules.  The  spirochetes  found  occasionally  in  the  cardiac  muscles 
are  mostly  degenerated. 

Summarized  briefly,  the  distribution  of  the  spirochetes  in  the  vari- 
ous organs  of  the  human  body  differs  according  to  the  degree  of  devel- 
opment of  the  immune  bodies.  The  spirochetes  disappear  first  from 
the  liver  and  suprarenals,  but  remain  for  some  time  in  the  muscles^ 
prostate,  thymus,  appendix,  testicles,  epididymis,  etc.  In  the  kid- 
neys they  can  be  found  for  a  long  time.  Their  mode  of  disappearance 
would  seem  to  indicate  distribution  varying  with  the  different  stages 
of  the  disease.  And  not  alone  the  general  distribution,  but  the  local 
position  of  the  spirochetes  changes  with  the  different  stages.  In  the 
early  stage,  they  are  located  mainly  extracellularly,  in  the  inter- 
stices; in  the  later  stage,  owing  to  the  development  of  the  immune 
bodies,  in  the  blood,  in  the  main  intracellularly,  and  within  the 
kidney  tubules. 

Distribution  of  Spirochceta  icterohcBmorrhagia  in  the  Tissues. 

In  the  first  stage  of  Weil's  disease  the  organisms  are  located 
extracellularly,  in  the  tissues. 

Spirochetes  are  rarely  found  in  the  epithelial  cells,  the  kidney  tubules,  and 
other  glands.  They  are  lodged  chiefly  in  the  interstitial  spaces  surrounding  the 
cells,  frequently  around  the  periphery  of  cells.  This  position  is  characteristic, 
and  t>'pical  in  guinea  pigs.     In  man,  in  whom  a  development  of  immune  bodies 

^  Drs.  Ido,  Hoki,  Ito,  and  Wani,  after  careful  examination  of  the  various  organs 
of  house  rats  were  able  to  find  SpirochcBta  icterohcEmorrJiagicB  only  in  the  kidneys. 
Ido,  Y.,  Hoki,  R.,  Ito,  H.,  and  Wani,  H.,  The  rat  as  a  carrier  of  SpirochcBta 
icterohccmonhagia:,  the  causative  agent  of  Weil's  disease  (spirochaetosis  ictero- 
haemorrhagica),  J.  Exp.  Med.,  1917,  xxvi,  341. 
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takes  place  in  the  blood,  the  distribution  is  somewhat  different.  Here  the 
spirochetes  are  more  frequently  enclosed  in  the  cells  and  cell  tubes,  and  increas- 
ingly so  with  the  progress  of  the  disease.  The  spirochetes  disappear  first  from 
the  interstitial  spaces,  remaining  for  some  time  longer  in  the  cells  and  kidney 
tubules.  This  phenomenon  is  less  marked  in  the  liver  and  suprarenals,  where 
the  spirochetes  are  destroyed  at  an  early  stage;  it  is  very  marked  in  the  kid- 
neys. Spirochetes  proliferate  in  the  kidney  tubules  and  are  excreted  with  the 
urine. 

Muscular  tissue,  such  as  that  of  the  heart  and  skeletal  muscles,  retains  the 
spirochetes  for  a  relatively  long  time.  The  organisms  are  seen  to  surround  the 
muscle  fibers  closely,  but  are  rarely  found  within  them,  though  this  may  be  the 
case  in  late  stages  of  the  disease.  In  a  patient  dying  on  the  9th  day,  we  observed 
densely  massed  spirochetes  in  degenerated  hyaline  muscle  fibers.  It  seems  as 
though  the  spirochetes  were  able  to  penetrate  more  readily  degenerated  or 
broken  cells  than  those  that  are  intact.  This  is  also  true  of  epithelial  cells. 
Smooth  muscle  reacts  in  the  same  manner  as  striated.  The  muscular  tissue  of 
the  prostate,  urinary  bladder,  gall  bladder,  the  vessel  walls,  and  the  intestinal 
walls  are  lodging  places  during  the  second  stage.  On  one  occasion  we  observed 
numerous  spirochetes  in  the  medullary  substance  of  the  suprarenals,  while  the 
cortex  was  already  free  from  spirochetes.  In  smooth  muscle,  the  organisms  are 
not  located  parallel  to  the  muscle  fibers,  but  cross  them  irregularly.  The  spiro- 
chetes occur  but  rarely  in  the  interstices  of  the  nervous  system. 

The  connective  tissue  contains  spirochetes  in  abundance.  It  is,  in  fact,  a 
main  repository  for  them.  Carried  by  the  blood  stream,  they  reach  first  the 
walls  of  the  capillaries,  and  from  there  are  spread  over  the  surrounding  connective 
tissue.  Hence  they  are  to  be  found  in  great  numbers  in  the  lumen,  the  walls, 
and  the  perivascular  connective  tissue  of  the  capillaries.  In  man  by  the  6th 
day  the  spirochetes  have  left  the  capillaries,  having  proceeded  by  way  of  the 
delicate  fibrous  strands,  deep  into  the  parenchyma.  The  coarse  connective  tissue 
shows  a  sparse  distribution.  The  spirochetes  are  assembled  mostly  in  the  divid- 
ing tissue  lying  between  the  connective  tissue  and  the  parenchyma,  or  in  the 
narrow  interstitial  layer  of  connective  tissue.  They  disappear  relatively  early 
from  the  connective  tissue,  though  scattered  specimens  may  be  observed  in  the 
coarse  connective  tissue  for  a  long  time.  The  spirochetes  may  also  be  carried 
by  the  lymph  channels,  though  it  is  difTicult  to  demonstrate  them  in  the  lymphatic 
vessels. 

The  spirochetes  are  often  harbored  for  some  time  in  homogeneous  substances, 
such  as  urinary  casts,  degenerated  muscle  fiber,  in  colloidal  masses  of  the  thy- 
roid, and  other  coagulated  masses.  They  seem  to  show  a  preference  for  sub- 
stances of  this  kind,  where  they  can  be  secure  against  the  action  of  the  immune 
bodies. 

Phagocytosis. — In  the  early  stage  spirochetes  are  rarely  found  enclosed  in 
leukocytes,  endothelial  cells,  or  connective  tissue  cells;  but  in  the  course  of  the 
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disease  they  are  increasingly  found  in  phagocytes.  This  observation  was  con- 
firmed experimentally.  Phagocyted  spirochetes  were  found  in  great  numbers 
following  the  injection  of  immune  serum  into  guinea  pigs.  In  man,  the  phe- 
nomenon is  not  quite  so  marked,  owing  perhaps  to  the  fact  that  the  develop- 
ment of  the  immune  bodies  is  a  gradual  process,  while  in  the  animal  large  num- 
bers of  immune  bodies  are  introduced  suddenly.  The  spirochetes  contained  in 
phagocytes  are  in  various  stages  of  degeneration.  It  would  appear  as  if  the 
spirochetes  first  degenerate  and  are  then  taken  up  by  the  phagocytes.  Organisms 
not  degenerated  but  showing  regressive  changes  are  sometimes  found  in  phago- 
cytes at  the  beginning  of  illness.  From  this  we  may  assume  that  they  actively 
penetrate  the  degenerated  phagocytes,  and  are  passively  received  by  the  latter. 

Distribution  of  Spirochetes  in  the  Organs. 

Liver  and  Bile  Ducts. — In  our  experimental  work  with  guinea  pigs  we  found 
that  the  liver  contained  the  densest  distribution  of  spirochetes,  while  in  man  the 
organisms  are  rather  scattered  in  that  organ.  Only  in  one  patient  djdng  on  the 
6th  day  and  in  one  of  lida's  8  day  cases  were  we  able  to  demonstrate  them  num- 
erously. In  the  densest  region,  ten  to  twenty  were  counted  to  the  optical  field. 
As  a  rule,  the  organisms  are  located  extracellularly.  Within  the  lobes  they  are 
found  close  to  the  fine  fibrous  strands  or  between  the  hepatic  cells.  In  our  cases 
they  were  associated  intimately  with  markedly  developed  fibrous  strands  in  the 
periphery  of  the  acini.  In  the  hepatic  cells  and  the  stellated  cells  of  Kupffer 
they  are  found  but  rarely,  and  then  in  degenerated  condition.  The  spirochetes 
located  between  the  hepatic  cells  are  bent  and  adhere  with  their  ends  or  bent 
sides  to  the  cells.  At  times  they  are  located  in  almost  parallel  lines  on  the  periph- 
ery, giving  the  appearance  of  lying  in  the  intercellular  bile  duct  capillaries,  but 
their  demonstration  within  the  capillaries  is  difficult.  Only  in  one  instance  were 
we  able  to  observe  a  spirochete  in  a  somewhat  dilated  biliary  duct.  It  is  not 
probable  that  the  spirochetes  stand  in  any  close  relation  to  the  bile  duct  capil- 
laries. In  man  they  are  also  not  so  closely  related  to  the  blood  capillaries  as 
in  the  guinea  pigs.  They  are  rarely  present  in  the  interstices  of  the  lobes;  i.e., 
in  the  interlobular  connective  tissue.  They  are  infrequently  found  massed  about 
the  acini  and  the  bile  ducts;  they  enter  often  into  the  wall  epithelium  of  the 
ducts,  but  almost  never  into  the  lumen.  They  are  also  rare  in  the  zone  of 
leukocytic  infiltration,  as  well  as  in  the  interstitial  blood  vessels,  and  are  seldom 
found  in  the  lumen.  The  spirochetes  in  the  liver  are  frequently  contained  in 
degenerated  cell  masses  and  coagulated  homogeneous  substances.  On  the  whole, 
distribution  within  the  liver  is  irregular.  In  the  course  of  the  disease,  the 
spirochetes  in  the  liver  are  almost  completely  destroyed,  and  those  found  occa- 
sionally enclosed  in  stellated  cells  are  mostly  of  the  degenerated  type. 

The  large  bile  ducts  and  the  gall  bladder  were  examined  in  five  patients  who 
died  during  the  second  stage  of  Weil's  disease.  Very  rarely  were  spirochetes 
found  in  the  subepithelial  fibromuscular  layer. 
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Kidneys. — The  kidney  is  characterized  by  a  more  or  less  dense  dislribution 
of  spirochetes  throughout  the  course  of  the  disease.  We  were  able  to  dem- 
onstrate them  up  to  the  55th  day  of  illness.  In  cases  of  mixed  infection  treated 
with  immune  serum,  scattered  specimens  are  found  in  the  kidneys  after  they 
have  disappeared  from  other  organs.  In  fact  the  organisms  could  be  found  in 
varying  numbers  in  the  kidneys  of  all  cases. 

In  earlier  stages  the  spirochetes  are  present  mostly  in  the  interstices,  more 
numerously  in  the  cortex  than  in  the  medullary  substance.  They  are  found  in 
the  fibrous  strands  (trabecular),  in  the  tissue  spaces,  and  in  the  interstitial  cells. 
They  are  intimately  related  to  the  capillaries.  In  the  kidney  tubules  they  are 
found  surrounding  the  tunica  propria.  They  are  rarely  contained  in  the  epi- 
thelium and  the  lumen  of  the  kidney  tubules.  In  the  course  of  the  disease  part 
of  the  spirochetes  are  gradually  destroyed,  but  even  in  later  stages,  numerous 
organisms  can  be  detected  in  the  tubules.  In  the  convalescent  stage,  innumer- 
able, thickly  grouped  spirochetes  are  found  in  the  tubules.  It  is  evident,  there- 
fore, that  the  spirochetes  proliferate  in  the  tubules.  The  number  found  in  the 
kidneys  does  not  parallel  the  course  of  illness.  In  a  patient  dying  on  the  8th 
day  without  complicating  symptoms,  the  organisms  were  sparse,  while  in  one 
dying  on  the  10th  day,  spirochetes  in  large  numbers  were  found.  The  latter  case 
was  of  interest  because  the  spirochetes  were  thickly  grouped  in  the  interstices. 
In  the  densest  regions,  the  organisms  covered  the  whole  area  of  the  interstitial 
space  and  closely  surrounded  the  tubules.  It  was  possible  to  observe  them  by 
low  power  of  the  microscope  as  black  dots  or  spots.  Occasionally  one  sees  a  case 
in  which  the  organisms  are  found  mainly  in  the  tubules. 

The  spirochetes  in  the  tubules  lie  in  the  pockets  of  the  lumen,  close  to  the 
epithelium.  They  are  to  be  found  in  the  detritus  mass  or  in  urinary  casts,  seldom 
in  epitheHum,  sometimes  in  vascular  desquamated  epithelium. 

The  spirochetes  in  the  tubules  are  frequently  located  in  the  border  zone  be- 
tween the  cortex  and  the  medullary  substance,  the  free  organisms  in  the  con- 
voluted tubules,  and  those  enclosed  in  casts  in  the  straight  tubules. 

In  man  the  spirochetes  were  never  observed  in  the  glomeruli,  though  in  guinea 
pigs  they  were  found  there  in  sparse  numbers.  We  may  conclude,  therefore,  that 
the  spirochetes  in  the  tubules  are  not  flooded  out  by  means  of  the  glomeruli, 
but  rather  that  those  contained  in  the  interstices  migrate  through  the  walls  of 
the  tubules  directly  into  the  lumen,  where  they  are  preserved  and  may  proliferate. 

Suprarenals. — The  suprarenals,  like  the  kidneys,  are  characterized  in  the 
guinea  pig  by  a  dense  dislribution  of  spirochetes.  Many  were  seen  in  a  patient 
dying  on  the  6th  day.  They  were  contained  in  the  interstices,  combined  with  the 
interlobular  fibrillae  of  the  upper  cortex  layer.  In  the  cortex  cells  and  their 
sheaths,  they  were  scarce.  They  were  irregularly  distributed,  and  were  found 
mainly  in  the  subcapsulary  layer,  almost  never  in  the  medullary,  and  the  deep 
cortex  layer.  After  the  8lh  day.  only  a  few  degenerated  residual  forms  are  pres- 
ent.   The  latter  lodge  in  the  cortical  layer  and  in  the  interstitial  cells.     Occa- 
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sionally  spirochetes  are  located  extraccllularly,  between  the  cortical  cells  and 
in  the  interstices.  In  a  patient  dying  on  the  8th  day  we  observed  a  number  of 
intact  specimens  in  the  medullary  muscles. 

Spleen,  Lymph  Glands,  and  Bone  Marrow. — The  hematopoietic  organs  showed 
throughout  a  sparse  distribution  of  spirochetes.  In  the  spleen  the  organisms 
are  found  at  an  early  stage  in  the  pulp,  trabeculae,  and  capsular  tissue,  very 
rarely  in  the  Malpighian  bodies.  In  the  experimental  animals  it  was  also  diffi- 
cult to  find  spirochetes  in  the  Malpighian  bodies,  particularly  in  the  center.  In 
the  pulp  tissue,  the  spirochetes  are  found  mainly  in  the  lattice  fibers  and  the 
fibrous  strands  of  the  sinus  and  vessel  walls.  They  are  likewise  present  in  the 
pulp  cells  and  in  the  phagocytes.  The  phagocyted  spirochetes  are  mostly  de- 
generated. On  the  other  hand,  the  spirochetes  found  in  the  trabeculae  and 
other  coarse  fibrous  tissue  are  relatively  well  preserved.  Spirochetes  are  some- 
times found  in  the  walls  of  large  arteries  and  in  their  vicinity. 

Further  on  in  the  disease,  spirochetes  are  rarely  present  in  the  trabeculae,  in 
coagulated  masses,  and  in  phagocytes.  They  are  then  mostly  degenerated  in 
type,  though  sometimes  in  good  condition  in  the  trabeculae. 

Numerous  organisms  are  contained  in  swollen  lymph  glands  at  the  beginning  of 
illness.  At  first,  they  are  present  in  the  regions  of  the  Ij'mph  vessels  and  sinuses. 
On  the  2nd  and  3rd  day  of  illness  they  appear  deeply  seated  in  the  fibrous  tissue 
of  the  parenchyma.  The  vessel  walls,  the  trabeculae,  and  the  perivascular  tissue 
also  show  them.  Spirochetes  are  found  extracellularly  in  the  peripheral  zones 
of  the  follicles.  Phagocyted  spirochetes  are  rare.  On  the  3rd  and  4th  day  we 
find  them  numerously  in  the  lumen  of  the  vessels.  It  would  seem,  therefore, 
that  the  organisms  gain  access  to  the  lymph  channels  through  the  local  lymph 
glands.  From  there  they  go  into  the  parenchyma  and  blood  vessels.  This 
phenomenon  was  confirmed  on  animals.  After  the  7th  day,  it  is  difficult  to  find 
spirochetes  even  in  swollen  lymph  glands.  In  the  mesenteric  glands,  they  are 
more  numerous,  but  degenerated  and  contained  mostly  in  phagocytes.  They 
are  rare  in  fibrous  strands.  Later  on,  only  scattered  residual  forms  are  seen  in 
phagocjrtes  and  fibrous  tissue. 

The  conditions  in  the  lymphoid  tissue  of  the  various  organs  and  the  tonsils 
resemble  those  of  the  lymph  glands. 

The  bone  marrow,  particularly  that  of  the  tibia,  was  studied  in  a  few  cases. 
In  a  patient  dying  in  the  second  stage,  no  spirochetes  were  found.  In  guinea  pigs, 
on  the  other  hand,  spirochetes  were  as  numerous  in  the  bone  marrow  as  in  the 
blood. 

Digestive  Tract  and  Pancreas. — In  guinea  pigs  closely  packed  spirochetes  are 
found  in  the  subepithelial  mucosa  of  the  intestinal  wall.  In  man  their  distri- 
bution in  the  intestinal  wall  was  rather  scanty  on  the  7th  day  and  throughout 
the  second  stage.  In  the  appendix  wall  and  that  of  the  large  intestine  and  stom- 
ach, the  spirochetes  are  more  numerous  at  this  stage.  They  are  scattered  through- 
out the  mucosa,  somewhat  more  numerous  in  the  submucosa  and  muscular  layer. 
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They  are  found  free  in  the  tunica  propria  or  in  phagocytes,  and  arc  often  lodged 
close  to  the  epithelial  layer,  rarely  in  the  layer  itself.  They  are  present  for  a 
long  time  in  the  muscular  layer,  and  often  in  considerable  numbers.  In  the  con- 
valescent stage,  spirochetes  do  not  occur  in  the  intestinal  wall;  but  occasionally 
a  few  are  found  in  the  intestinal  crypts  and  lumen,  though  we  are  unable  to  say 
definitely  that  the  organisms  were  Spirochccta  icterohccmorrhagicB,  as  they  were 
very  closely  grouped  and  well  formed,  which  are  not  characteristics  of  this  spiro- 
chete. Moreover,  in  the  silver  preparation  they  did  not  appear  granular,  and 
similar  organisms  are  often  found  in  healthy  persons.  Dark-field  illumination  is 
required  to  decide  this  point. 

Judging  by  analogy  with  the  kidneys,  it  may  be  supposed  that  the  Spirochata 
icterohccmorrhagicB  wander  out  into  the  intestinal  lumen.  Infection  experiments 
carried  out  on  guinea  pigs  with  intestinal  contents  were  occasionally  positive. 
In  some  cases,  the  organisms  may  be  identified  with  certainty  in  the  intestinal 
lumen.  These  spirochetes  are  clearly  granulated  and  are  located  in  desquamated 
epithelium  and  detritus  masses. 

The  esophagus,  tongue,  and  salivary  glands  also  harbor  the  spirochetes  in 
varying  numbers.  As  a  rule,  they  lodge  in  the  interstices  early  in  the  disease, 
and  later  on  in  the  cells. 

The  pancreas  showed  spirochetes  on  the  6th  or  7th  day.  In  the  densest  region 
a  number  of  specimens  appeared  in  the  optical  field.  They  occur  mainly  in  the 
interstices,  closely  surrounding  the  body  of  the  gland  and  the  excretory  duct, 
rarely  in  the  lumen  and  in  the  epithelial  cells.  Later  in  the  disease  only  a  few 
degenerated  forms  were  found,  mostly  in  the  cells. 

Respiratory  Organs,  Thyroid,  and  Thymus. — ^The  lungs  contain  but  few  spiro- 
chetes, only  a  small  number  being  found  in  the  alveoli  on  the  6th  day.  They  were 
enclosed  in  desquamated  epithelium,  blood,  and  blood  coagulum.  Later  on,  it  is 
almost  impossible  to  find  them;  very  rarely  one  finds  degenerated  forms  in  the 
alveolar  epithelium  and  coagulated  masses. 

In  the  trachea  spirochetes  were  present  in  the  interstices  on  the  7th  day  in 
considerable  numbers.  In  another  individual,  dying  on  the  8th  day,  they  were 
scattered. 

A  few  spirochetes  were  present  in  the  interstices  and  capsule  of  the  thyroid  in  a 
patient  who  died  on  the  6th  day.  At  a  later  stage  they  are  rarely  found  in  the 
colloidal  masses 

The  thymus,  which  was  examined  in  two  cases,  showed  a  relatively  thick  dis- 
tribution of  spirochetes.  In  a  patient  dying  on  the  10th  day,  they  were  found 
rather  plentifully  in  the  capsule  and  septum  tissue,  and  also  enclosed  in  thymus 
cells.  The  other  patient,  who  had  died  on  the  12th  day,  had  received  serum  treat- 
ment. Here  also  numerous  organisms  were  present,  mainly  degenerated  forms, 
located  extracellularly. 

Circulatory  System. — In  the  search  for  spirochetes  in  man,  particular  attention 
has  been  paid  to  the  heart,  for  the  number  there  is  much  greater  than  in  guinea 
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pigs.  On  the  7th  day  of  illness  and  throughout  the  second  stage,  spirochetes  are 
more  or  less  numerous;  a  few  were  seen  in  an  optical  field.  Early  in  the  disease 
they  are  found  in  the  epicardium  and  endocardium,  and  most  constantly  in 
the  muscular  layer.  They  occur  first  in  the  interstices,  later  on  in  muscle  cells. 
In  the  interstices  they  are  found  in  the  perimysium,  closely  surrounding  the 
muscle  cells,  in  the  neighborhood  of  the  capillaries,  in  coagulated  venous  blood, 
and  in  phagocytes.  Those  enclosed  in  cells  are  found  in  the  periphery  and  in 
the  centers  of  muscle  cells,  independent  of  the  striation.  On  the  whole,  they  are 
more  numerous  in  the  right  side  of  the  heart  than  the  left.  The  sinoauricular 
region  also  showed  a  dense  distribution.  During  convalescence  spirochetes 
are  found  here  and  there,  mostly  degenerated. 

In  the  arterial  walls  of  the  aorta,  carotids,  brachials,  and  radials,  spirochetes 
are  present  more  or  less  constantly  during  the  second  stage,  chiefly  in  the  media, 
seldom  in  the  adventitia.  They  are  not  numerous.  In  the  lumen  of  the  brachial 
artery,  we  observed  a  single  specimen  in  a  patient  djdng  on  the  9th  day.  This 
was  located  in  coagulated  blood  near  the  wall. 

Skeletal  Muscles  and  Skin.— Th.t  skeletal  muscles  showed  on  the  7th  day 
(second  stage)  a  relatively  dense  distribution,  particularly  in  the  calf  muscle  and 
rectus  abdominis,  where  the  histological  changes  were  most  marked.  On  the 
9th  day  a  few  specimens  were  seen.  The  spirochetes  found  in  muscles  occur  as  a 
rule  in  the  interstices,  i.e.,  the  perimysium,  and  they  surround  the  muscle  fibers 
closely.  Only  once  did  we  find  thickly  grouped  spirochetes  in  degenerated  hyaline 
muscle  fibers.     At  a  later  stage  the  organisms  are  rarely  seen  in  muscle  fiber. 

The  outer  skin  rarely  shows  spirochetes.  We  could  discover  them  only  in 
two  out  of  four  cases — in  the  one  contained  in  prickle  cells,  in  the  other  in  the 
corium.    None  were  found  in  the  lumen  of  the  sweat  and  sebaceous  glands. 

Nervous  System. — At  an  early  stage  (the  6th  day)  spirochetes  were  found  in 
the  interstices  and  the  spinal  meninges.  In  rare  instances  they  were  present  in 
the  interstices  of  the  central  and  peripheral  nervous  systems.  In  the  gray  and 
white  substance  of  the  brain  and  spinal  cord,  degenerated  forms  were  found  on  a 
few  occasions.    Once  they  were  present  in  the  neurogha. 

Urinary  Bladder  and  Genital  Organs. — On  the  7th  day,  and  during  the  second 
stage,  a  large  number  of  spirochetes  were  present,  particularly  in  the  muscular 
layer  of  the  bladder.  In  the  testicles  and  epididymis,  well  preserved  specimens 
were  seen  on  the  6th  and  7th  days  (second  stage),  in  the  fibromuscular  tissue, 
but  seldom  in  the  tubules.  The  prostate  shows  an  unusual  condition.  On  the 
7th  day  (second  stage),  numerous  spirochetes  were  found  in  the  fibromuscular 
tissue.  The  muscular  layer  of  the  uterus  and  the  fibrous  tissue  of  the  ovaries 
may  show  scattered  spirochetes,  those  in  the  uterus  being  in  well  preserved 
condition. 
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Factors  Influencing  the  Distribution  of  Spirochceta  icterohcemorrhagict. 

Severity  of  Illness. — Those  cases  of  Weil's  disease,  in  which  the 
pathological  changes  are  particularly  marked,  show  in  the  main  the 
densest  distribution  in  the  various  organs.  In  guinea  pigs  also  the 
distribution  of  spirochetes  is  niore  or  less  paralleled  by  the  degree  of 
icterus  and  hemorrhage. 

Mixed  Infections  and  Complications. — ^Suppurative  or  septic  in- 
fections, which  often  accompany  Weil's  disease,  greatly  influence  the 
distribution;  the  spirochetes  in  the  organs  thus  become  reduced  in 
number.  They  are  often  absent  from  all  the  organs,  except  the  kid- 
neys and  the  cardiac  muscles.  Cirrhosis  of  the  liver  does  not  seem 
to  affect  the  distribution. 

Serum  and  Salvarsan  Treatments. — The  spirocheticidal  action  of 
immune  serum  has  been  previously  described.®  The  statements  then 
made  are  supported  by  our  postmortem  findings.  Very  few  spiro- 
chetes are  discovered  in  the  organs,  with  the  exception  of  the  kid- 
neys, where  they  remain  for  a  long  time.  The  spirochetes  in  other 
organs  had  evidently  been  destroyed. 

Types  of  Spirochete  in  Human  Tissues. 

In  comparison  with  those  found  in  the  experimental  guinea  pigs 
the  spirochetes  in  man  are  irregular  in  type.  They  show  greater 
rigidity  than  those  in  the  animals.  They  are  atrophic  and  shrunken, 
and  of  varying  thickness.  The  edges  are  not  smooth  and  the  curves 
are  irregular;  many  small  waves  are  observed.  At  one  or  both  ends, 
or  in  the  middle,  a  circumscribed  thickening  may  be  present.  Some- 
times one-half  of  the  spirochete  differs  in  thickness  from  the  other. 
The  circumscribed  thickening  can  be  distinguished  from  the  bud,  as 
the  latter  is  more  markedly  granular.  The  spirochetes  may  appear 
as  large,  irregularly  distributed  chains  of  granules.  One  end  often 
shows  an  enlarged,  granular  bud.  This  rare  form  was  distributed 
in  a  number  of  organs.     It  seems  to  arise  through  a  loosening  and 

'  Inada,  R.,  Ido,  Y.,  Hoki,  R.,  Ito,  H.,  and  Wani,  H.,  The  serum  treatment 
of  Weil's  disease  (spirochaetosis  icterohaemorrhagica) ,  /.  Exp.  Med.,  1916,  xxiv, 
485. 
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•enlargement  of  some  of  the  granules  of  the  spirochetes.  Abortive 
forms  (rod-like,  comma-shaped,  or  bent)  arise  through  the  breaking 
off  of  parts  of  the  spirochete.  One  end  may  give  the  appearance  of 
having  dissolved.  The  large  bud  may  be  present  at  one  end  of  a 
markedly  shrunken  spirochete.  Such  deformed  types  are  often  found 
in  phagocytes. 

In  the  group,  where  the  spirochetes  are  closely  assembled,  many 
small  granules  or  rings  are  seen;  these  stain  black  when  impregnated 
with  silver.  The  granules  are  globoid  or  irregularly  formed,  and  are 
from  two  to  five  times  as  thick  as  the  spirochetes.  They  are  de- 
tached, fused  buds  or  broken  parts  of  spirochetes.  The  rings  referred 
to  above  are  round  or  somewhat  irregular,  also  from  two  to  five  times 
as  large  as  the  thickness  of  the  spirochete.  Their  origin  is  identical 
with  that  of  the  granules.  On  the  other  hand,  the  ring  type  of  spiro- 
chete which  has  already  been  described,  is  large  and  irregular,  and 
can  be  readily  distinguished  from  the  rings  referred  to  above. 

We  are  led  to  believe  that  these  forms  are  degenerated  products, 
caused  by  the  action  of  the  immune  bodies.  This  point  requires 
further  investigation. 

In  closing  we  desire  to  express  our  thanks  to  the  Director,  Dr. 
Ryokichi  Inada,  for  his  assistance  in  the  work,  and  to  Dr.  H. 
Nakayama  of  the  Pathological  Institute  of  Kyushu  University  for 
placing  at  our  disposal  material  for  investigation. 
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AND  HIDETSUNE  WANI,  M.D. 

{From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 

Japan.) 

(Received  for  publication,  February  20,  1917.) 

In  a  previous  communication^  on  the  prophylaxis  of  spirochaetosis 
icterohsemorrhagica,  we  discussed  briefly  the  excretion  and  means  of  in- 
vasion of  the  causative  agent.  It  was  clear  that  soil  and  water,  par- 
ticularly stagnant  water,  are  related  to  the  infection,  but  where  the 
spirochetes  have  their  habitation  outside  of  the  human  body  and 
proliferate  until  they  again  attack  man  remained  a  difhcult  problem  of 
prophylaxis. 

When  Inada  at  the  annual  meeting  of  the  ICitasato  Institute  for 
Infectious  Diseases,  in  the  spring  of  1915,  gave  a  comprehensive  re- 
port of  studies  made  on  spirochaetosis  icterohaemorrhagica  in  his  clinic, 
Miyajima  called  attention  to  the  fact  that  in  his  investigations  on 
tsutsugamushi,  he  had  found  on  several  occasions  spirochetes  resem- 
bhng  Spirochceta  icterohcBmorrhagicE  in  the  kidneys  of  the  field  mouse, 
Microtus  montehelloi.  On  the  basis  of  these  findings,  we  conducted 
during  the  following  year  an  investigation  on  twenty-two  house  and 
roof  rats,  Epymis  alexandrinus  and  Epymis  norvegicus.  We  discov- 
ered on  one  occasion  in  the  kidney  of  one  of  the  animals  a  specimen 
of  SpirochcBta  icterohcemorrhagice.  There  was  at  that  time  doubt  in 
our  minds  whether  the  organism  in  question  had  actually  resided  in 
the  kidney  or  was  a  contamination  introduced  from  the  outside, 

*  Published  in  Tokyo  Iji-Shuho,  July,  1916,  Nos.  1978,  1979. 
^  Ido,  Y.,  Hoki,  R.,  Ito,  H.,  and  Wani,  H.,  The  prophylaxis  of  Weil's  disease 
(spirochaetosis  icterohaemorrhagica),  /.  Exp.  Med.,  1916,  xxiv,  471. 
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inasmuch  as  we  were  working  with  Spirochceta  icterohcemorrhagicB. 
The  problem  was  then  left  for  future  investigation. 

In  the  spring  of  1916,  Miyajima  again  reported  that  he  had  found 
in  Microtus  montehelloi  spirochetes  resembling  Spirochata  ictero- 
hamorrhagia,  which  injected  into  guinea  pigs  produced  fever  and 
hemorrhage,  and  after  a  number  of  generations,  icterus.^  As  the 
immune  serum  of  SpirochcBta  icterohamorrhagicd  was  capable  of  de- 
stroying the  organisms  in  question,  he  concluded  that  they  were  iden- 
tical with  SpirochcBta  icterohcemorrhagice. 

From  our  clinical  experience  we  had  already  surmised  the  relation  of 
the  rat  to  the  infection- in  man.  Cooks  working  in  kitchens  frequented 
by  rats  often  became  ill  with  spirochaetosis  icterohaemorrhagica.  At 
the  beginning  of  the  year  we  observed  two  typical  cases  following  the 
bite  of  rats.  We  were  led  to  the  conclusion  that  the  rat  plays  an 
important  part  in  the  transmission  of  the  infection,  and  that  the  spiro- 
chete previously  found  by  us  in  the  kidney  of  a  rat  was  not  a  con- 
tamination, but  came  from  that  organ.  On  the  basis  of  this  assump- 
tion we  undertook  an  investigation  of  the  house  and  roof  rats  in  the 
city  of  Fukuoka  and  its  vicinity. 

EXPERIMENTAL. 

The  rats  examined  were  Mus  alexandrinus  and  Mus  decumanus. 
We  were  able  to  find  virulent  SpirochcBta  icterohcemorrhagicB  in  the 
kidneys,  in  40.2  per  cent  out  of  149  Mus  decumanus,  and  in  0.8  per 
cent  of  24  Mus  alexandrinus.^     The  morphological  examinations  and 

^  The  findings  of  the  Japanese  workers  have  been  confirmed  in  Europe  by  Dr. 
Stokes,  who  conducted  an  investigation  of  cases  of  Weil's  disease  occurring  in 
the  British  army.  He  was  able  to  demonstrate  SpirochcBta  icterohcemorrhcBgicB 
in  the  kidneys  of  field  rats,  and  infected  guinea  pigs  with  the  organisms  (Stokes, 
A.,  Ryle,  J.  A.,  and  Tytler,  W.  H.,  Weil's  disease  (spirochaetosis  icterohaemor- 
rhagica)  in  the  British  Army  in  Flanders,  Lancet,  1917,  i,  142).  In  the  United 
States,  Dr.  Noguchi  has  confirmed  the  work  by  his  finding  of  SpirochcBta  ictero- 
hcBniorrhagics  in  domestic  wild  rats  (Noguchi,  H.,  SpirochcBta  icterohosmorrhagice 
in  American  wild  rats,  and  its  relation  to  the  Japanese  and  European  strains, 
J.  Exp.  Med.,  1917,  xxv,  755). 

'  The  determination  of  the  animal  species  was  made  by  Mr.  Namiye,  assistant 
in  the  Zoological  Institute  of  the  Imperial  University  at  Tokyo,  to  whom  we  de- 
sire herewith  to  express  our  thanks. 
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specific  differences  in  the  immune  serum  proved  that  the  spirochete 
found  by  us  in  the  kidneys  of  house  and  wild  rats  is  identical  with 
Spirochata  icterohcBmorrhagia. 

We  also  examined  six  specimens  of  field  mice.''  In  one  instance  we 
produced  by  intraperitoneal  injection  of  mouse  kidney  emulsion, 
icterus  and  hemorrhages  in  the  guinea  pig,  and  identified  numerous 
Spirochceta  icterohcemorrhagicB  in  the  liver,  though  we  found  none 
by  dark-field  illumination  in  fresh  kidney  preparations  of  the  field 
mouse.  In  five  other  cases,  we  could  find  no  spirochetes,  either  by 
dark-field  illumination  or  through  intraperitoneal  injection  of  kidney 
emulsion. 

In  our  experiments  with  rats  we  employed  the  following  method.  A 
rat  was  permitted  to  bite  a  guinea  pig  in  the  hind  leg.  The  rat  was 
then  killed,  and  a  search  was  made  by  dark-field  illumination  for 
spirochetes  in  the  blood,  liver,  and  kidneys.  When  no  organisms 
were  found  in  this  way,  we  injected  intraperitoneally  into  the  guinea 
pigs  the  blood,  urine,  liver,  and  kidney  emulsion  of  the  rat,  awaiting 
the  development  of  icterus  and  hemorrhages.  As  a  rule,  we  examined 
three  preparations  by  dark-field  illumination,  and  if  no  organisms  were 
found,  we  considered  the  result  negative. 

Experiment  1.  Kidneys. — The  number  of  rats  employed  was  92.  In  26  of 
the  animals,  or  28.3  per  cent,  spirochetes  could  be  demonstrated  in  the  kidneys. 
We  injected  kidney  emulsion  from  8  of  the  26  animals  intraperitoneally  into 
guinea  pigs.  7  of  these  died  on  the  8th  to  the  13th  day  with  marked  icterus  and 
hemorrhages;  numerous  organisms  were  found  in  their  blood  and  liver.  From 
59  animals  showing  microscopically  no  organisms,  we  prepared  kidney  emul- 
sion, which  we  injected  intraperitoneally  into  guinea  pigs;  5  (8.5  per  cent) 
animals  died  with  typical  symptoms  on  the  8th  to  the  11th  day.  The  number  of 
spirochetes  in  the  kidneys  varied  between  one  to  a  preparation  and  fifteen  to 
sixteen  in  an  optical  field.  Occasionally  we  found  a  tuft  of  spirochetes.  All 
specimens  showed  brisk  movements. 

Experiment  2.  Urine. — ^We  examined  the  urine  of  71  rats.  In  22,  or  31  per 
cent,  spirochetes  were  present.  In  19  rats,  in  which  we  found  the  organisms 
in  the  kidneys,  they  were  contained  also  in  the  urine.  In  3  out  of  52  in  which 
we  were  unable  to  demonstrate  spirochetes  in  the  kidneys,  we  discovered  them 
in  the  urine.  The  urine  sediment  of  2  rats,  in  which  no  spirochetes  had  been 
found  by  either  method,  was  injected  intraperitoneally  into  guinea  pigs.     One 

■*  These  mice  were  furnished  us  through  the  kindness  of  Dr.  Miyakawas. 
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of  the  experimental  animals  died  with  typical  symptoms  on  the  17th  day.  To 
test  the  virulence  of  the  spirochetes,  we  then  injected  0.1  to  0.2  cc.  of  urine  con- 
taining spirochetes,  from  5  rats,  intraperitoneally  into  5  guinea  pigs.  The  ani- 
mals died  with  marked  icterus  and  hemorrhages  8  to  10  days  later,  thus  proving 
a  high  degree  of  virulence  for  the  organisms. 

The  spirochetes  excreted  in  the  urine  appear  for  the  most  part  in 
the  nubecula,  though  some  are  found  free.  Their  number  fluctuates 
from  fifteen  to  sixteen  specimens  in  one  nubecula  to  one  or  two  in  a 
preparation.  The  spirochetes  in  the  nubecula  are  usually  motionless, 
while  the  freely  floating  spirochetes  make  brisk  movements.  Occa- 
sionally degenerative  forms  are  seen. 

Experiment  3.  Blood  and  Liver. — We  examined  the  blood  of  64  rats  by  dark- 
field  illumination.  In  20  of  these  we  had  found  spirochetes  in  the  kidneys  and 
the  urine,  but  we  were  unable  to  find  them  in  the  blood  in  a  single  instance.  The 
intraperitoneal  injections  of  guinea  pigs  with  the  blood  of  6  rats,  in  which  organ- 
isms were  found  in  the  kidneys,  proved  negative,  as  well  as  five  blood  injections 
from  animals  having  no  spirochetes  in  their  kidneys.  Similar  experiments  were 
conducted  with  liver  emulsion  and  intestinal  contents.  We  examined  the 
livers  of  62  rats,  and  the  large  intestines  of  10.  All  these  experiments  were 
negative. 

Experiment  4.  Rat  Bite. — ^As  we  had  observed  two  cases  of  typical  spirochae- 
tosis  icterohaemorrhagica  following  the  bite  of  a  rat,  we  proceeded  to  reproduce 
the  conditions  experimentally.  Rats  were  permitted  to  bite  guinea  pigs  in  the 
leg.  Of  50  experiments  thus  made,  only  one  guinea  pig  died  of  icterus  and  hemor- 
rhages on  the  lltb  day  following  the  bite.  In  this  case,  nurcitrons  Spirochceta 
icier ohczmorrhagice  were  found  in  the  blood  and  the  liver.  In  two  guinea  pigs 
we  observed  in  the  blood  another  form  of  spirochete  which  Futaki  and  Ishiwara, 
with  their  associates,  have  assigned  as  the  cause  of  rat-bite  fever.  It  may  be 
mentioned  in  passing  that  Drs.  Kaneko  and  Okuda^  of  our  clinic  were  able  to 
confirm  the  view  of  the  other  Japanese  investigators  in  this  respect  by  finding 
the  spirochetes  in  the  kidneys  of  a  patient  dying  from  rat-bite  fever.  By  our 
finding  of  spirochetolytic  and  spirocheticidal  immune  bodies  in  the  serum  of 
individuals  who  had  recovered  from  rat-bite  fever,  we  were  able  to  affirm  that 
the  above  mentioned  spirochete  is  the  causative  agent  of  rat-bite  fever. 

Mizukuchi  reported  before  the  Pathological  Anatomical  Congress 
held  in  Tokyo  in  April,  1916,  an  interesting  fact  which  grew  out  of 
an  experimental  investigation  of  rat -bite  fever.     He  permitted  guinea 

^  Kaneko,  R.,  and  Okuda,  K.,  The  distribution  in  the  human  body  of  Spiro- 
chceta  iclerohamorrhagia,  J.  Exp.  Med.  1917,  xxvi,  325. 
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pigs  to  bite  rats,  and  certain  of  the  animals  died  later,  as  the  result 
of  a  peculiar  icteric  and  hemorrhagic  condition.  In  the  liver  of  these 
animals  he  found  a  spirochete  which,  according  to  our  view,  is  identi- 
cal with  SpirocJicBla  icteroh(Bmorrhagi(B.  Mizukuchi  believed  the 
spirochete  to  be  the  cause  of  rat-bite  fever,  a  conclusion  with  which 
we  cannot  agree.  It  is  highly  probable  that  the  microorganism  was 
Spirochata  icterohczmorrhagia,  and  that  it  was  communicated  to  the 
guinea  pigs  in  the  same  manner  as  in  our  experiments. 

The  manner  in  which  SpirochcBta  icterohcBmorrhagm  is  conveyed  by 
the  bite  of  a  rat  to  man  or  the  guinea  pig  is  not  yet  clear.  As  no 
spirochetes  were  found  either  in  the  mouth  or  the  blood  of  the  rat, 
it  is  not  likely  that  they  are  carried  directly  through  biting.  It  may  be 
assumed,  however,  that  they  are  conveyed  indirectly  from  rat  urine, 
with  which  the  mouth  of  the  rat  may  be  contaminated,  into  the 
wound  created  by  the  bite  of  the  rat. 

As  stated  above,  the  spirochetes  found  in  the  kidneys  and  the 
urine  of  rats  resemble  in  form  and  movement  SpirochcBta  ictero- 
hcBmort^hagicB.  When  injected  intraperitoneally  into  the  guinea  pig, 
the  animal  succumbs  after  a  time,  with  icterus  and  hemorrhages, 
symptoms  which  are  identical  with  those  of  spirochsetosis  ictero- 
haemorrhagica.  These  facts  seem  to  prove  without  a  doubt  that  the 
spirochete  in  question  is  identical  with  SpirochcBta  icterohamorrhagic^^ 
the  causative  agent  of  Weil's  disease,  but  further  experiments  to  con- 
firm this  point  are  cited  below. 

Action  of  SpirochcBta  icterohcBtnorrhagice  Immune  Serum  on  Spirochetes 

Found  in  Rats. 

For  Pfeiffer's  tests  we  used  guinea  pig  liver  emulsion  rich  in  spiro- 
chetes, and  immune  horse  seriun  of  Spirochceta  icterohcemorrhagice. 
Control  experiments  were  also  carried  out.  These  were  made  (1) 
with  rat  spirochetes,  Spirochceta  icterohcemorrhagicB,  and  isotonic  salt 
solution;  and  (2)  with  Spirochceta  icterohcemorrhagice  and  its  immune 
horse  serum.     The  results  are  shown  in  Table  I. 

As  showTi  in  the  table,  no  spirochetes  were  contained  in  the  peri- 
toneal fluid  in  from  30  minutes  to  2  hours  after  injection  in  the  main 
experiments  conducted  with  rat  spirochetes  and  immime  horse  serum, 
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and  in  an  experiment  made  with  Spirochceta  icterohcemorrhagicB  and 
immune  horse  serum,  while  numerous  spirochetes  were  found  in  the 
control  experiments  conducted  with  isotonic  salt  solution.  These 
tests  show  that  the  serimi  of  horses  immunized  with  Spirochceta 
icterohamorrhagicB  has  a  spirocheticidal  and  spirochetolytic  action 
upon  the  spirochetes  of  the  rat. 

Experiments  to  Determine  Whether  Goat  Serum  Obtained  by  Immunizing 
with  Rat  Spirochetes  Will  Destroy  Spirochceta  icterohcemorrhagice. 

We  immunized  a  number  of  goats  with  a  pure  culture  of  the  rat 
spirochete  or  with  liver  emulsion  containing  the  organism,  and  were 
able  to  obtain  an  effective  serum.  We  then  made  Pfeiffer's  tests  with 
the  goat  serum  and  Spirochceta  icterohcemorrhagice  and  the  rat  spiro- 
chete in  the  same  order  as  the  prc/ious  experiments.  Table  II  shows 
the  results. 

The  result  of  these  experiments  shows  that  the  goat  senmi  obtained 
by  immunizing  with  rat  spirochetes  is  capable  of  destroying  Spiro- 
chceta icterohcemorrhagice. 

On  the  basis  of  these  experiments,  we  may  conclude  that  the 
spirochetes  found  in  the  kidneys  of  house  and  wild  rats  are  identical 
with  Inada  and  Ido's  Spirochceta  icterohcemorrhagice. 

We  examined  the  kidneys  of  6  field  mice  and  injected  their  kidney 
emulsion  into  the  peritoneal  cavity. of  guinea  pigs.  One  of  the  ani- 
mals died  on  the  25th  day  of  icterus  and  hemorrhages,  but  here  the 
period  of  incubation  was  too  long,  and  the  hemorrhages  were  in- 
significant. As  up  to  the  present  we  have  not  observed  stall  in- 
fection among  the  guinea  pigs,  we  must  conclude  that  though  the 
field  mouse  harbors  our  spirochetes  in  the  kidneys,  they  are  not  of 
great  virulence  in  that  animal.  Miyajima's  findings  also  are  in 
accord  with  our  observations,  for  he  observed  in  the  kidneys  of  field 
mice  spirochetes  which  appeared  to  be  far  less  \drulent  than  those 
observed  by  us  in  the  kidneys  of  house  and  wild  rats. 


348 


CARRIER  OF   SPIROCH^TA  ICTEROH^MORRHAGI^ 


sjinsay 

+ 

+ 

+ 

_c 

z 

'oj  >-• 

•si 

o  — 

<o 

u 

^ 
'^ 

■q. 

-« 

•Xsdo^nv 

^ 

•"^ 

to 

6 
S 

:: 

3 

O 

_E 

1—1 

^ 

s 

o 

" 

< 

O  rt 

1-4 

^ 

2 

S 

•'^ 

5 

"S 

^>» 

o 

b 

U 

^ 

Co 

, 

a 

oj 

■a 

a 

^ 

^ 

^ 

'rt 

2 

^u 

C 

2 

a 

^ 

t/5  ^ 

a 

s 

V 

o 

C 

S 

o. 

•X^ 

■*-* 

^ 

§ 

J3 

< 

.S 

1-, 

" 

1^ 

_c 

o 

o 

O 

"« 

-a 
5 

s 

o 

c 

•§ 

J3 

- 

i  i 

Sd 

£ 

c 

s^  s  >. 

« 

S. 

E 

a 

. 

"o 

o 

o 

el 
.2 

i 

6 

(LI      M 

■^. 

< 

.2 

^  B  3 

-§ 

o 

O 

^ 

5^ 

% 

•pajDaCui 

0  ^ 

^ 

^ 

2 

lunbuiy 

^ 

e 

"§ 

CO 

a 

O 

:: 

- 

-§ 

.SP 

H 

o 

o 

'S. 

d 

•papafui 

^    ^ 

^ 

^ 

^ 

_C 

junbiuv 

■^ 

'3 

Ul 

0) 

^ 

^ 

"S 
'r^ 

o 

o 

'^ 

■* 

g 

c 

.  ^ 

^ 

c 
.2 

6 
5^ 

.5 
o 

2 
o 

o 

c 

a 

'"^ 

*"* 

•r, 

ei 

J 

_^ 

5J 

C 

o 

2 
'5. 

CO 

'i'^ 

C/2 

tN 

-« 

c 

d 
.9 

X 

.     00 

1 

-5! 

^ 

O 

o 

1. 

<^ 

Tf 

"0 

■ON  3SB0 

CM 

o^  jcuiiuv 

1             ^ 

CN 

ro 

cfl 

3 

O 

(U 

- 

e 

d 

:z; 

+ 

+ 

^ 

t-i 

^ 

u 

s 

^ 

>; 

<L) 

-a 

^ 

ci 

T3 

-d 

^ 

^ 

a 

f/1 

43 

"0 

rn 

n1 

lO 

-o 

D 

43 

« 

-d" 

.. 

<u 

<4= 

3 

<u 

C 

o 

'o; 

■* 

c 

> 

^ 

^ 

W) 

^ 

-' 

<u 

s 

T3 

- 

43 

(U 

(U 

C 
O 

>. 

~* 

o 

l-H 

C 

o 

^ 

•^ 

> 

c 

ro 

^ 

ro 

o 

1 

1 

- 

- 

s 

O 

O 

2 

43 

CJ 

r2 
'i-i  ^ 

- 

- 

OJ 

c 

** 

o 

- 

c 

x) 

■" 

" 

o 

O 

'"' 

5S 

_^ 

I'j 

to 

PS 

00 

-j; 

MT 

(^ 

t/l 

HH 

OJ 

X 

w 

<u 
43 

^^ 

"o 

::;^ 

u 
O 

o 

1 

•S 

ro 

a. 

« 

Pi 

o 

On 

CN 

(N 

CM 

Pvl 

rt< 

UO 

o 


ex 


Y.  IDO,  R.  HOKI,  H.   ITO,  AND  H.   WANI  349 

DISCUSSION. 

1.  In  34  out  of  92  cases,  or  37  per  cent,  spirochetes  were  present 
in  the  kidneys  or  in  the  urine,  as  demonstrated  directly  by  dark- 
field  illumination  and  indirectly  by  inoculation. 

2.  The  form,  movement,  virulence,  and  immune  serum  prove  that 
our  spirochete  is  identical  with  Spirochceta  icterohcemorrhagicB.  The 
organisms  cannot  be  demonstrated  in  the  blood  and  the  liver,  but 
in  the  urine  of  rats  harboring  Spirochceta  icterohcemorrhagicz  in  the 
kidneys,  they  are  present  without  exception. 

■  3.  Urine  containing  spirochetes,  even  in  small  amounts  (0.1  to  0.2 
cc.)  infects  guinea  pigs  when  injected  intraperitoneally. 

4.  Spirochceta  icterohcemorrhagicB  are  rarely  conveyed  directly  to 
the  guinea  pig  by  the  bite  of  the  rat. 

5.  In  Japan,  the  rat  is  undoubtedly  a  carrier  of  the  causative 
agent  of  spirochaetosis  icterohaemorrhagica.  Mus  decumanus  was 
found  to  be  a  carrier  in  40.2  per  cent  of  149  cases,  Mus  alexan- 
drinus  in  0.8  per  cent  of  24  cases. 

Whether  in  addition  to  Epymis  norvegicus  and  alexandrinus  and 
Microtus  montehelloi  there  are  still  other  carriers  of  Weil's  disease  is 
not  known. 

The  Transmission  of  Spirochceta  icterohcsmorrhagice  Infection  by  the 

Rat  and  the  Soil. 

It  is  noteworthy  that  our  spirochete  appeared  only  in  the  kidneys 
of  rats — not  in  their  blood  and  liver.  This  peculiarity  of  distribution 
is  observed  also  in  man  during  the  convalescent  stage  of  Weil's  dis- 
ease and  in  the  guinea  pigs  treated  with  immune  serum.  As  already 
stated,  when  the  antibodies  have  been  fully  developed,  the  spiro- 
chete remains  only  in  the  kidneys.  As,  however,  the  rats  examined 
by  us  were  apparently  in  a  good  state  of  health,  notwithstanding  the 
numerous  spirochetes  found  in  their  kidneys,  we  may  assume  that 
the  organisms  do  not  cause  any,  or  only  a  slight  degree  of  illness. 
The  probabihty  is  that,  entering  the  animal  by  the  mouth  or  skin, 
after  a  time  they  find  their  way  into  the  kidneys. 

We  conducted  a  number  of  experiments  on  mice  and  white  rats, 
injecting  14  mice  with  0.5  cc.  of  blood  or  liver  emulsion  from  an 
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infected  guinea  pig.  Four  of  the  animals  died  with  icterus,  the 
others  remaining  well.  Dr.  Kaneko  found  spirochetes  only  in  the 
kidneys.  Of  four  white  rats,  one  died  of  icterus;  here  also  spiro- 
chetes were  found  only  in  the  kidneys.  It  is  possible  that  ordinary 
rats  possess  a  greater  degree  of  resistance  to  the  infection  than  mice 
and  white  rats. 

The  behaxdor  of  the  spirochete  within  the  rat  is  open  for  further 
study,  but  we  know  that  the  rats  harboring  spirochetes  always  ex- 
crete them  in  the  urine.  The  organisms  thus  find  their  way  to  the 
ground,  where  they  may  infect  other  rats  as  opportunity  offers.  In 
all  probability  they  are  disseminated  by  means  of  rats,  the  soil  and 
the  animals  forming  a  circle  of  habitation  for  the  spirochetes.  It 
happens  rarely  that  human  beings  are  infected  directly  through  the 
bite  of  rats,  the  infection  being  usually  transmitted  from  the  soil, 
where  evidently  the  excreted  spirochetes  lodge  and  thrive.  On  these 
grounds  we  can  explain  the  epidemics  of  spirochaetosis  icterohasmor- 
rhagica  which  occur  in  coal  mines  and  among  the  farmers  in  the 
vicinity.  Rats  are  constant  tenants  of  the  mines,  and  it  is  known 
that  the  miners  go  barefoot.  A  similar  statement  may  be  made  con- 
cerning the  transmission  of  Weil's  disease  on  the  battle-fields  of 
Europe.     There  the  rats  living  in  the  trenches  infect  the  soldiers. 

It  has  been  stated  that  the  spirochetes  of  the  field  mice  are  less 
virulent  than  those  of  house  and  wild  rats.  This  fact  does  not  seem 
to  harmonize  with  the  infection  of  farmers  in  the  fields;  but  on  the 
other  hand,  it  must  be  mentioned  that  wild  rats  are  also  found  in  the 
fields  to  some  extent.  It  was  certainly  very  striking  that  cooks  and 
maids  working  in  kitchens  showed  so  high  a  percentage  of  spiro- 
chaetosis icterohaemorrhagica  lesions.  Of  84  patients  admitted  to  our 
clinic,  23  were  in  occupations  which  subjected  them  to  contact  with 
rats;  i.e.,  8  were  cooks,  6  maids,  3  pastry  cooks,  3  "kamaboko"  (bone 
meal)  manufacturers,  2  vegetable  dealers,  and  1  fish  dealer.  The 
clinical  observations  alone  made  it  probable  that  there  was  some  con- 
nection between  the  rat  and  spirochaetosis  icterohaemorrhagica, 
though  cases  in  which  the  infection  was  traced  directly  to  the  bite  of 
a  rat  are  rare.  Brief  protocols  of  the  histories  of  two  such  patients 
are  given  below. 
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Case  i.— Male,  age  26;  riksha  man.  Admitted  Nov.  24,  1915.  On  Nov.  1 1  was 
bitten  by  a  rat  in  the  little  toe  of  the  left  foot.  The  wound  bled  and  was  painful, 
but  unproved.  After  a  few  days,  the  patient  was  quite  well.  On  Nov.  17  (7 
days  after  the  rat  bite)  he  became  ill,  with  marked  general  weakness,  chills, 
headache,  and  pain  in  thighs.  Typical  spirochaetosis  icterohaemorrhagica  de- 
veloped.   The  incubation  period  was  6  days. 

Case  2.— Male,  age  25;  waiter  in  a  restaurant.  Admitted  July  9,  1915.  On 
June  24  had  been  bitten  by  a  rat  in  the  left  first  and  middle  fingers,  which  bled 
profusely.  On  July  2,  1  p.m.,  patient  suddenly  had  chills,  followed  by  high 
fever,  marked  headache,  pain  in  thighs,  and  general  weakness.  Typical  spiro- 
chaetosis icterohaemorrhagica.    The  incubation  period  was  8  days. 

On  classifying  the  rats  in  respect  to  their  spirochetal  content,  and 
the  territory  from  which  they  came,  we  find  the  results  shown  in 
Table  III. 

TABLE  ni. 

Geographica'  Distribution  of  Rats  Harboring  Spirochetes. 


Region  where  rats  were  caught. 


Fukuoka  and  vicinity 

Coal  mines  in  Province  of  Fukuoka. 


f  Tagawa. 
•j  Hondo. . 
I  Akaike. . 


Naokata,  Province  of  Fukuoka... . 

Otsu,  Province  of  Shiga 

Tsuchiura,  Province  of  Ibaraki. . .  . 
Mimasaku,  Province  of  Okayama. 
Tottori,  Province  of  Tottori 


Totals. 


No. 


52 
9 
8 
5 
3 
6 
1 
6 
1 


91 


Cases  in 
which  spiro- 
chetes were 
found 


22 
5 
2 
4 
0 
0 
1 
0 
0 


34 


Per  cent  of 

positive 

cases. 


42.3 
55.5* 
25.0 
80.0 

0 

0 
100.0 

0 

0 


37.4 


*0f  the  twenty-two  cases  in  this  group  eleven  were  positive  (50  per  cent). 

It  may  be  mentioned  that  Dr.  Saito,  of  the  First  Medical  Clinic, 
traced  Spirochceta  icterohmmorrhagicB  in  the  kidneys  or  urine  of  50  per 
cent  of  the  rats  in  Kyoto. 

As  shown  in  the  table,  the  percentage  of  rats  harboring  spirochetes 
is  high  in  those  regions  where  Weil's  disease  is  prevalent,  while  it  is 
low  in  regions  free  from  that  disease.  But  it  must  be  remembered 
that  the  number  of  rats  examined  from  the  latter  regions  was  small, 
and  that  the  difference  may  be  attributable  to  this  cause.     Miyajima 
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reported  that  he  found  SpirochcBta  icterohamorrhagicB  in  the  field 
mice  of  a  region  free  from  Weil's  disease,  and  it  is  possible  that  the 
rats  of  a  healthy  region  may  also  harbor  the  spirochetes  in  their 
kidneys  and  excrete  them  with  the  urine. 

The  life  conditions  of  the  spirochetes  seem  to  be  manifold.  It  was 
brought  out  by  epidemiological  studies  that  a  certain  degree  of 
moisture  in  the  soil  and  a  certain  temperature  are  necessary  for 
proliferation.  Damp  coal  mines  particularly  are  favorable  places 
of  infection,  while  the  disease  is  relatively  rare  in  coal  mines  that  are 
dr^^  As  far  as  temperature  is  concerned  the  optimum  in  the  culti- 
vation of  the  spirochetes  is  22-25°C.  Weil's  disease  in  Japan 
occurs  but  rarely  in  the  height  of  summer  and  the  coldest  part  of  win- 
ter, but  mostly  at  the  end  of  spring,  in  early  simimer,  and  particu- 
larly in  the  autumn.  In  coal  mines,  which  have  an  even  tempera- 
ture, the  disease  is  equally  prevalent  at  all  seasons  of  the  year. 

That  the  soil  plays  an  important  part  in  the  life  of  cholera  bacilli 
was  emphasized  by  Emmerlich ;  and  it  is  known  that  not  only  cholera 
bacilli,  but  other  bacteria  and  protozoa  as  well  fail  to  thrive  in  an  acid 
soil.  Our  spirochetes  also  die  in  a  weakly  acid  medium.  This  fact 
led  us  to  trace  a  connection  between  the  endemic  appearance  of 
spirochaetosis  icterohsemorrhagica  and  the  composition  of  the  soil. 
Through  the  kindness  of  Dr.  Takaishi,  a  member  of  the  Agricultural 
Institute,  we  were  able  to  obtain  information  concerning  the  distri- 
bution of  acid,  alkah,  and  neutral  soils  in  the  Province  of  Fukuoka. 
Comparing  the  spread  of  spirochaetosis  icterohaemorrhagica  with  the 
chemical  condition  of  the  soil,  we  discovered  the  interesting  fact  that 
on  the  whole,  the  disease  occurs  rarely  in  regions  having  an  acid  soil, 
while  it  is  endemic  in  alkah  and  neutral  soils.  The  composition  of  the 
water  and  soil  of  coal  mines  was  also  found  to  vary,  an  alkah  reaction 
being  obtained  from  the  soil  of  the  Ita,  Hondo,  and  Nishizinmachi 
coal  mines,  while  the  earth  of  the  Miike,  Yamano,  and  Akaike  mines 
showed  an  acid  reaction.  In  Miike  no  cases  of  spirochaetosis  ictero- 
haemorrhagica are  known  to  occur,  while  in  the  course  of  18  months 
over  300  cases  occurred  in  Ita,  and  in  Hondo  annually  from  80  to  100 
are  recorded.  Although  there  was  a  high  percentage  of  rats  harbor- 
ing spirochetes  in  Akaike  (80  per  cent),  only  7  or  8  cases  of  the 
disease  occur  there  per  year.  In  the  Yamano  mine  the  yearly  number 
is  from  5  to  20  cases. 


Y.  IDO,  R.  HOKI,  H.  ITO,  AND  H.  WANI  353 

CONCLUSIONS. 

1.  On  the  basis  of  these  j&ndings,  we  conclude  that  the  extermina- 
tion of  rats  and  field  mice  is  a  highly  important  prophylactic  measure 
against  Weil's  disease. 

2.  The  chemical  composition  of  soil  and  water  plays  an  important 
part  in  the  development  of  SpirochcBta  icterohcemorrhagicB,  and  conse- 
quently in  the  spread  of  the  disease  of  which  it  is  the  causative  agent. 

We  desire  to  express  to  Professor  Ryokichi  Inada  our  appreciation 
of  the  guidance  which  he  has  given  to  our  work. 
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Stages  of  the  Disease. 

Fiedler^  has  divided  the  progress  of  Weil's  disease  into  three  stages. 
According  to  him,  the  first  2  or  3  days  constitute  the  initial  period. 
The  second  stage  commences  variously  from  the  3rd  to  the  6th  day 
following  the  onset  of  the  disease,  and  is  characterized  by  icterus, 
edema  of  the  liver,  tumor  of  the  spleen,  albuminuria,  hemorrhagic 
diathesis,  etc.  He  classes  a  defervescent  period  from  the  7th  to  the 
Sth.  day  as  the  third  stage,  and  adds  also  a  stage  of  convalescence. 
We  believe,  however,  that  a  different  division  of  the  disease  into 
three  periods,  i.e.,  first  or  febrile  stage,  second  or  icteric  stage,  and 
a,  third  or  convalescent  stage,  has  better  justification.  As  will  be 
explained  in  detail,  each  stage  has  its  characteristic  features  with 
respect  to  the  behavior  of  the  spirochetes  in  the  blood,  the  anti- 
bodies, the  excretion  of  the  organisms  with  the  urine,  and  their  dis- 
tribution in  the  organs.  According  to  our  view,  the  first  and  second 
stages  continue  each  for  about  a  week;  and  the  convalescent  stage 
begins  with  the  3rd  week  of  ilhiess,  although  the  boundaries  of  the 
different  stages  are  not  sharply  demarcated.  Icterus,  the  main 
symptom  of  the  second  stage,  has  its  beginning  in  the  middle  of  the 
first  and  reaches  its  climax  in  the  second  period. 

Febrile  Stage. — This  stage  continues  from  the  onset  of  the  disease 
to  the  6th  or  7th  day.  The  main  symptoms,  which  are  initiated 
with  chills  or  high  fever,  are  intestinal  disturbances,  headache,  cramp- 

1  Fiedler,  A.,  Weitere  Mittheilungen  iiber  die  Weil'sche  Krankheit,  Deutsch. 
Arch.  klin.  Med.,  1892,  1,  232. 
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ing  muscular  pains,  marked  hyperemia  of  the  conjunctiva  bulbi, 
albuminuria,  etc.  Death  occurs  rarely  in  this  stage.  The  period  is 
characterized  by  free  circulation  of  the  spirochetes  in  the  peripheral 
blood,  although  their  number  may  not  be  great.  Blood  taken  during 
this  period  and  injected  intraperitoneally  into  guinea  pigs  produces 
a  typical  reaction.  The  infectivity  of  the  blood  decreases  gradually, 
as  shown  by  the  69  infection  experiments  cited  in  Table  I. 

TABLE  I. 

Infection  Experiments  with  Blood  from  WeiVs  Disease. 
April,  1912,  to  December,  1915. 


Day  of  illness. 

No.  of  animals  injected. 

Positive. 

Per  cent  positive. 

2 

4 

4 

100.0 

3 

10 

10 

100.0 

4 

13 

13 

100.0 

5 

12 

11 

91.6 

6 

14 

12 

85.7 

7 

8 

4 

50.0 

8 

4 

0 

•0 

9 

1 

1 

100.0 

12 

1 

0 

0 

18 

1 

0 

0 

19 

1 

0 

0 

Total 

69 

As  shown  in  the  table,  guinea  pigs  were  in  all  cases  infected  in  a 
typical  manner  when  they  received  intraperitoneally  blood  drawn 
from  patients  during  the  first  4  days  of  illness.  By  the  5  th  day,  the 
infecti\ity  of  the  blood  is  already  diminished,  one  case  only  out  of 
the  12  pro\dng  negative  (positive  91.6  per  cent).  With  blood  taken 
on  the  6th  day  the  results  showed  85.7  per  cent  positive,  and  on 
the  7th  day  50  per  cent.  These  findings  seem  to  indicate  that  with 
the  progress  of  the  disease,  the  spirochetes  disappear  gradually  from 
the  blood  stream,  owing  to  the  spirochetolytic  and  spirocheticidal 
action  upon  them  of  antibodies  developed  in  the  blood.  We  are  led 
to  beheve  that  antibodies,  though  few  in  number,  are  present  as 
early  as  the  5th  day,  but  their  number  is  not  sufficient  for  demonstra- 
tion by  Pfeiffer's  method. 
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No  difference  is  observed  in  this  stage  of  Weil's  disease  in  the  peri- 
toneal fluid  obtained  after  the  use  of  serum  of  patients  and  that  of 
healthy  persons.  The  guinea  pigs  under  experimentation  die  of 
typical  symptoms  on  the  same  day  as  the  control  animals,  or  a  day 
later  or  earlier.  Hence  the  inference  of  a  shght  development  of 
antibodies  can  be  made  only  indirectly  from  results  achieved  with 
the  infection  experiments. 

Spirochetes  are  excreted  with  the  urine  during  this  stage,  and  the 
injection  of  the  urinary  sediment  produces  in  guinea  pigs  a  typical 
infection.  It  is  not  as  a  rule  possible,  however,  to  demonstrate  the 
organisms  in  the  urine  by  dark-field  illumination.  The  distribution 
of  spirochetes  in  the  organs  resembles  that  found  in  the  experimental 
animals.     Numerous  spirochetes  are  seen  in  the  liver.^ 

Second  or  Icteric  Stage. — This  stage  continues  from  the  7th  or  8th 
to  the  12th  or  13th  day  of  illness.  Generally  it  covers  a  Httle  less 
than  a  week.  As  a  rule,  the  symptoms  of  the  first  stage  decrease 
in  intensity,  and  in  their  place  appear  icterus,  hemorrhagic  diathesis, 
marked  general  weakness,  nervous  symptoms,  and  cardiac  weakness. 
But  all  these  symptoms  have  their  onset  during  the  middle  or  toward 
the  end  of  the  febrile  period,  and  reach  their  greatest  intensity  dur- 
ing the  second  stage.  Death  is  most  prevalent  during  this  period. 
Of  eighteen  fatal  cases,  in  sixteen  death  occurred  between  the  8th 
and  the  16th  day  from  the  onset  of  the  disease. 

This  stage  is  characterized  by  the  fact  that  it  is  rarely  possible  to 
infect  guinea  pigs  by  the  intraperitoneal  injection  of  patients'  blood, 
only  one  out  of  six  experiments  proving  positive.  It  is  evident  that 
the  spirochetes  have  already  disappeared  from  the  peripheral  blood. 
Moreover,  it  is  possible  to  demonstrate  antibodies  in  the  blood  by 
Pfeiffer's  method.  The  finding  of  spirochetes  in  the  peritoneal  fluid 
of  the  experimental  animals  by  Pfeiffer's  method  shows  that  a  dif- 
ferent condition  exists  in  them  from  that  observed  in  the  control 
animals.  Spirochetolysis  is  present,  and  the  experimental  ani- 
mals die  in  a  topical  manner  4  or  5  days  later  than  the  control  ani- 
mals.    When  on  the  other  hand,  the  injected  human  serum  contains 

2  Kaneko,  R.,  and  Okuda,  K.,  The  distribution  in  the  human  body  of  Spiro- 
chcEta  icier ohcBmorrhagia:,  J.  Exp.  Med.,  1917,  xxvi,  325. 
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no  antibodies,  the  experimental  animals  die  on  the  same  day  as  the 
control  animals,  or  at  the  utmost  1  or  2  days  earlier  or  later.  A 
difference  of  3  days  is  rare.  Hence  we  conclude  that  when  the  ex- 
perimental animals  die  4  or  more  days  later  than  the  control  animals, 
the  serum  must  contain  a  certain  number  of  antibodies.  Their 
degree  of  development  at  this  stage  is  incomplete,  for  with  complete 
development  of  antibodies,  the  experimental  animals  would  recover 
from  the  infection. 

In  our  experiments  we  employed  1  cc.  of  serum  and  1  cc.  of  pure 
culture  of  the  spirochetes,  or  a  liver  emulsion  containing  the  organ- 
isms; ten  spirochetes  to  an  optical  field  by  dark-field  illumination 
(Leitz  oc.  3,  obj.  iV  oil  immersion).  Lijections  were  made  intraperi- 
toneally.  The  gradual  increase  in  the  number  of  antibodies  can 
be  observed  by  testing,  according  to  Pfeiffer's  method,  serum  ob- 
tained during  various  stages  of  the  disease.  The  duration  of  life  of 
the  experimental  animals  lengthens  in  the  course  of  the  disease,  and 
finally  with  complete  development  of  antibodies,  the  animals  do  not 
become  ill  at  all.  Occasionally  the  antibodies  are  fully  developed  as 
early  as  the  8th  day.     We  observed  two  cases  of  this  kind. 

In  the  second  stage,  the  spirochetes  are  easily  demonstrated  in  the 
urine  by  dark-field  illumination.  On  the  10th  day  of  illness  it  was 
possible  to  show  them  in  17.4  per  cent  of  the  cases,  with  a  gradually 
growing  percentage  up  to  52.2. 

Corresponding  to  the  development  of  the  antibodies,  the  spiro- 
chetes disappear  first  from  the  blood,  and  then  from  the  liver.  Hence 
their  distribution  in  the  second  stage  differs  from  that  of  the  febrile 
stage. 

Third  or  Convalescent  Stage. — This  period  begins  on  the  13th  or 
14th  day.  The  intensity  of  the  icterus  characteristic  of  the  second 
stage  then  subsides  gradually,  and  anemia  and  marked  emaciation 
become  apparent.  This  period  is  characterized  by  complete  develop- 
ment of  the  antibodies  in  the  blood,  the  disappearance  of  spirochetes 
from  the  blood,  their  abundant  excretion  with  the  urine,  frequent 
high  fever  (called  relapsing  fever  by  Weil,  and  after  fever  by  us),  and 
later  on,  by  the  excretion  of  antibodies  with  the  urine.  The  dis- 
tribution of  the  spirochetes  in  the  organs  is  noteworthy.  No  organ- 
isms arc  found  in  the  liver  and  other   organs  except  the  kidneys, 
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where  they  are  always  present.  They  are  occasionally"  found  in 
cardiac  muscle. 

The  percentages  of  spirochetes  excreted  with  the  urine  gradually 
increase  and  reach  their  maximum  on  the  15th  or  16th,  up  to  the 
23rd  or  24th  day  of  illness.  By  the  19th  or  20th  day  practically 
all  ca,ses  show  spirochetes  in  the  urine.  After  the  25th  day;  the  per- 
centages decrease.  It  was  found  that  twenty-two  out  of  twenty- 
four  patients  had  ceased  to  excrete  spirochetes  after  40  days.  One 
patient  excreted  them  on  the  42nd  day,  and  another  on  the  63rd. 
The  duration  of  most  abundant  excretion  covers  from  3  to  6  days. 
Comparing  the  onset  of  the  period  of  abundant  excretion  of  the 
spirochetes  in  the  urine  with  the  appearance  of  the  complete  anti- 
bodies in  the  blood,  we  find  that  the  first  phenomenon  precedes  the 
latter  by  from  2  to  5  days,  though  occasionally  the  conditions  may 
be  reversed. 

Histologically,  the  spirochetes  are  found  on  the  17th  or  18th  day 
only  in  the  kidneys,  having  disappeared  from  the  other  organs  with 
complete  development  of  antibodies  in  the  blood. 

Incubation  Period. 

The  period  of  incubation,  according  to  our  computations,  varies 
from  5  to  7  days  with  skin  infection;  it  is  seldom  as  long  as  13  days. 
In  the  epidemic  of  Weil's  disease  which  occurred  in  Hildesheim, 
Germany,  Hecker  and  Otto  estimated  the  time  of  incubation  as 
covering  at  least  a  week.  Our  observations  in  Japan  entirely  coin- 
cide with  this  finding,  and  our  conclusions  concerning  the  incubation 
period  are  based  on  the  histories  of  patients  following  our  study  of 
the  portal  of  entry  of  the  Spirochata  icterohcemorrhagia  in  animals. 

Pathology  of  the  After  Fever. 

The  behavior  of  the  fever  during  the  first  stage  coincides  with 
that  observed  in  cases  of  Weil's  disease  in  Europe.  During  the 
period  of  convalescence,  frequently  there  is  a  recurrence  of  rather 
high,  remittent  fever,  which  Weil  and  Fiedler  have  termed  relapsing 
fever.  According  to  Fiedler,  in  Europe  it  occurs  in  40  per  cent  of 
the  cases.     In  Japan  we  have  observed  it  in  28.2  per  cent  of  our 
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patients.  '  So  far  as  the  character  of  this  fever  is  concerned,  our 
interpretation  differs  from  that  of  Weil  and  Fiedler,  and  we  have 
employed  the  term  after  fever  for  the  following  reasons. 

The  fever  has  its  onset  on  the  14th  or  15th  day,  sometimes  on  the 
13th,  rarely  on  the  12th  or  16th  day.  There  may  be  an  afebrile 
interval  of  from  2  to  10  days  following  the  fever  of  the  first  stage. 
The  fever  covers  a  period  of  from  4  to  20  days.  It  usually  reaches 
a  height  of  38-40°C.,  and  the  temperature  is  frequently  above 
that  of  the  first  stage.  The  fever  is  markedly  remittent  in  character, 
particularly  at  its  maximum.  The  temperature  rises  gradually, 
remains  from  3  to  4  days  at  its  greatest  height,  and  then  begins  grad- 
ually to  dechne.     In  fatal  cases,  there  is  no  after  fever. 

As  indicated  above,  we  cannot  agree  with  the  view  of  Weil  and 
Fiedler  that  this  fever  is  to  be  regarded  as  relapsing  in  character,  on 
the  following  grounds. 

(a)  We  have  never  observed  a  recurrence  of  the  main  symptoms; 
i.e.,  hyperemia  of  the  conjunctiva  bulbi,  exacerbation  of  the  icterus, 
hemorrhagic  diathesis,  edema  of  the  lymph  glands,  etc.  Notwith- 
standing the  presence  of  the  fever  at  this  time,  only  the  symptoms 
which  usually  accompany  a  rise  in  temperature  are  found,  such  as 
headache,  general  weakness,  etc.;  and  although  the  temperature  is 
high,  life  is  not  endangered.  The  fever  of  the  first  stage  is  accom- 
panied by  marked  leukocytosis,  while  this  condition  is  not  constant 
in  the  later  fever. 

(b)  Secondly,  all  the  infection  experiments  conducted  on  guinea 
pigs  during  this  period  were  negative.  With  the  exception  of  the 
kidneys,  no  spirochetes,  or  very  few,  are  found  in  the  organs. 

(c)  In  the  third  place,  the  spirochetolytic  and  spirocheticidal  anti- 
bodies are  fully  developed  in  the  blood  at  this  period.  If,  on  the 
other  hand,  spirochetes  were  to  reappear  in  the  blood,  we  should  be 
justified  in  regarding  this  fever  as  relapsing. 

We  beheve,  therefore,  that  the  fever  of  the  third  stage  is  different 
in  character  from  that  of  the  first. 

The  pathogenesis  of  the  after  fever  is  not  clear.  Clinically,  no 
particular  changes  are  observed  in  the  organs,  and  there  are  no  com- 
phcations  or  suppurations.  The  blood  of  eight  patients  which  was 
subjected  to  careful  bacteriological  examination  was  found  to  be 
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sterile.  Hence  we  are  unable  to  trace  the  origin  of  the  fever  to  a 
secondary  infection.  It  appears  that  the  after  fever  coincides  with 
the  presence  of  the  antibodies  in  the  blood  and  the  abundant  excre- 
tion of  spirochetes  in  the  urine.  Furthermore,  the  curve  of  the 
serum- treated  guinea  pigs  which  survived  resembled  closely  the  fever 
curve  of  patients  in  the  third  stage  of  illness. 

It  is  our  belief  that  this  fever  is  to  be  regarded  as  a  reaction  on 
the  part  of  the  immune  organism  to  the  subsequent  resorption  of 
spirochetic  toxins.  Spirochetolysis  continues  for  the  whole  period  of 
the  disease,  but  only  with  the  appearance  of  complete  immunity 
does  the  organism  react  in  the  form  of  fever.  The  toxins  arise  from 
the  disintegration  of  the  spirochetes  within  the  organs,  above  all, 
the  kidneys,  where  probably  a  proliferation  of  spirochetes  takes 
place  during  the  convalescent  stage,  when  numerous  specimens  can 
be  observed.  On  the  other  hand,  it  must  be  remembered  that  the 
after  fever  occurs  in  only  28.2  per  cent  of  the  cases,  while  the  phe- 
nomena of  antibody  formation  and  excretion  of  spirochetes  occur 
with  constancy.  It  appears  that  the  pathogenesis  of  the  after  fever 
requires  still  further  investigation. 


A  CONTRIBUTION  TO  THE  ETIOLOGY  AND  PATHOLOGY 
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By  RENJTRO  KANEKO,  M.D.,  and  KIKUZO  OKUDA,  M.D. 

{From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 

Japan.) 

Plates  32  to  34. 
(Received  for  publication,  February  20,  1917.) 

Although  rat-bite  fever  in  Japan  was  recognized  a  long  time  ago 
by  Miyake  and  others  as  a  definite  entity,  and  its  symptomatology 
has  been  described  in  detail,  we  know  little  of  its  pathological  anatomy. 
According  to  Ishiwara  only  two  postmortem  examinations  have  been 
reported,  one  by  Blake,  and  another  by  Miura  and  Toriyama. 

Our  knowledge  of  the  causative  agent  of  rat-bite  fever  is  of  recent  date.  Fu- 
taki  and  his  associates  reported  in  their  first  communication  the  finding  of  a 
long  spirochete,  measuring  9  to  10  ju  in  the  lymph  glands  on  the  10th  or  13th 
day  of  illness,  and  on  the  33rd  day  in  tissue  fluid  obtained  from  the  bitten  area. 
Those  found  in  the  lymph  exudate  had  small  waves,  those  from  sections  of  lymph 
glands,  numerous  steep  waves.  Later  on  they  discovered  in  man,  in  the  wound 
of  the  rat  bite,  and  in  the  blood  of  mice  which  had  received  injections  of  pa- 
tient's blood,  shorter,  thick  spirochetes,  2  to  6  ju  long.  These  had  regular,  close, 
and  steep  waves,  and  a  filament  at  each  end.  As  these  long  and  short  spiro- 
chetes are  morphologically  distinct,  and  both  have  been  demonstrated  in  rat- 
bite  fever,  the  question  arose  whether  they  are  of  the  same  species,  or  whether 
rat-bite  fever  may  be  caused  by  two  different  spirochetes. 

The  problem  could  not  be  solved  at  the  time  by  Futaki  and  his  coworkers. 
In  the  meantime,  Ishiwara  and  his  associates  found  in  their  investigations  of 
experimental  rat-bite  fever  spirochetes  of  the  shorter  variety,  which  were  mor- 
phologically identical  with  the  short  variety  of  Futaki.  Kitagawa  and  Muko- 
yama,  as  well  as  Midzukuchi,  reported  finding  these  spirochetes  in  experimental 
rat-bite  fever. 

We  performed  recently  a  postmortem  examination  on  an  individual 
who  had  rat-bite  fever  in  typical  form,  and  were  in  a  position  to  make 

*  Published  in  Iji-Shimbun,  June,  1916,  Nos.  951,  952. 
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definite  anatomical  studies.  We  found  in  the  tissues  certain  spiro- 
chetes which  will  be  described,  and  were  able  to  confirm  the  work  of 
Futaki  and  his  associates,  who  were  the  first  to  designate  these  spiro- 
chetes as  the  cause  of  rat-bite  fever.  We  have  furthermore  come  to 
the  conclusion  that  the  long  type  of  spirochetes  found  by  them  pre- 
viously and  the  short  variety  discovered  later  in  experimentally 
infected  animals  are  not  diverse  in  type,  but  belong  to  the  same, 
species  of  spirochete. 

Spirochetes  in  the  Tissues. 

We  examined  the  blood  of  a  patient  having  rat -bite  fever  during 
the  afebrile  interval,  guinea  pigs  inoculated  with  the  patient's  blood, 
as  well  as  the  swollen  lymph  glands,  but  found  no  spirochetes.  Later 
Ido  and  other  authors  found  in  blood  films  taken  at  the  height  of 
the  disease,  a  number  of  the  short  type  of  spirochetes. 

Distribution  in  the  Organs. — We  focused  our  attention  particularly 
upon  the  suprarenals  and  the  kidneys,  in  xiew  of  the  fact  that  Ishiwara 
and  his  associates  in  their  experiments  on  guinea  pigs  found  the  or- 
ganisms mainly  in  the  suprarenals,  and  also  because  Spirochata 
icterohamorrhagicB  is  present  in  these  organs  in  the  convalescent 
stage  of  Weil's  disease.  After  repeated  careful  examinations,  we 
discovered  numerous  organisms,  particularly  in  the  kidneys. 

The  spirochetes  in  the  kidneys  are  located  almost  exclusively  in  the  casts  and 
cylindroids  of  the  straight  tubules,  in  the  canals  of  Henle,  and  the  intercalary 
portion  of  the  boundary  layer.  Thej'  were  never  found  free  in  the  lumen  and 
the  interstitial  spaces.  In  the  suprarenals,  we  observed  the  organisms  in  the 
cortical  cells.  In  addition,  we  found  in  the  interstitial  space  of  the  testicle  a 
specimen  of  the  short  spirochete.  Other  organs,  i.e.,  the  liver,  lymph  glands, 
spleen,  lungs,  intestines,  stomach,  bladder,  prostate,  heart,  and  brain,  showed 
no  spirochetes;  nor  could  any  be  found  in  the  skin  of  the  bitten  area,  treated 
with  Orth's  fluid,  and  in  the  swollen  lymph  glands. 

The  total  number  of  spirochetes  found  in  the  organs  was  somewhat  over  100  in 
30  preparations;  most  of  these  were  contained  in  renal  casts  and  cylindroids. 
In  the  suprarenals,  we  observed  seven  specimens  in  ten  preparations,  and  in  the 
testicle  one  in  several  preparations.  Their  distribution  is  very  irregular;  in  the 
densest  regions  five  to  six  specimens  were  found  in  one  cast,  and  twenty-eight  in 
a  preparation. 
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Forms  of  the  Spirochete. 

As  shown  in  Fig.  1,  the  forms  of  the  organism  are  various. 
The  spirochete  may  be  long  or  short,  thick  or  thin,  rigid  or  pliable, 
smooth  or  ragged.  The  waves  may  be  regular  or  irregular,  gradual 
or  abrupt,  many  or  few.  The  diversity  of  characteristics  is  so  great 
as  to  lead  to  the  belief  that  many  kinds  of  spirochetes  are  present. 
They  can,  however,  be  classified  according  to  size  into  long  and  short, 
with  intermediary  forms  between  the  two  groups. 

The  short  spirochetes  found  by  us  are  from  1.7  to  5.0  ^t  in  length. 
As  a  rule,  they  have  close  and  regular  waves,  from  two  to  six  steep 
waves  to  a  specimen,  are  relatively  thick,  with  smooth  edges,  and  stain 
deeply  when  impregnated  with  silver.  Occasionally  one  finds  at  one 
or  both  ends,  fine  thread-like  extensions  which  stain  somewhat  less 
deeply.  These  regularly  waved  spirochetes  are  identical  with  the 
short  spirochete  of  Ishiwara.  But  a  large  number  of  the  short  spiro- 
chetes are  more  rigid  in  form,  have  irregular  waves,  and  are  not 
smooth  at  the  edges.  These  are  atrophic  abortive  forms.  The 
spirochetes  found  in  blood  films  have  regular  waves. 

The  long  type  spirochete  measures  6.0  to  10.0  ^t,  and  has  numer- 
ous, small,  steep,  irregular  waves.  These  specimens  are  not  smooth 
and  regularly  formed,  and  appear  rigid. 

We  examined  the  mouse  preparations  (from  the  injection  of  pa- 
tient's blood)  sent  us  by  Futaki,  and  are  convinced  that  his  short 
type  of  spirochete  is  identical  with  our  own,  with  the  exception  that 
our  specimens  were  somewhat  thinner  and  more  rigid,  which  may  be 
due  to  the  fact  that  our  strain  was  taken  from  man.  Futaki's  long 
type,  which  we  observed  in  great  numbers  in  his  preparations,  is 
morphologically  identical  mth  ours. 

In  addition  we  made  careful  histological  examinations  of  guinea 
pigs  infected  by  Ido  and  his  collaborators  through  rat  bites.  The 
spirochetes  found  in  these  animals  are  morphologically  identical  with 
our  short  spirochete. 

DISCUSSION. 

In  Weil's  disease,  the  distribution  of  Spirochceta  iderohcemorrhagice 
varies  with  the  different  stages  of  illness.     At  the  beginning  the  organ- 
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isms  circulate  in  the  blood,  while  in  the  convalescent  stage,  following 
the  complete  development  of  immune  bodies,  they  can  be  demon- 
strated only  in  the  kidneys.  A  similar  distribution  seems  to  prevail 
in  rat-bite  fever.  In  the  experimental  animals,  the  spirochetes  cir- 
culate in  the  peripheral  blood.  That  identical  conditions  exist  in 
the  human  body  is  proved  by  the  fact  that  mice  and  guinea  pigs  can 
be  infected  by  the  inoculation  of  patient's  blood.  At  the  height  of 
the  disease,  the  short  spirochete,  though  not  numerous,  has  been 
observed  microscopically  in  the  blood.  In  our  case  we  found  the 
spirochetes  located  mainly  in  the  kidneys,  although  at  the  height  of 
illness  they  could  be  demonstrated  also  in  the  peripheral  blood.  The 
localization  within  the  kidneys  is  undoubtedly  the  usual  order  in  later 
stages  of  the  disease.^ 

Inada  was  the  first  to  suggest  the  formation  of  antibodies  in  rat- 
bite  fever.  He  was  followed  by  Ido  and  his  associates  of  our  cHnic, 
who  proved  the  truth  of  the  assumption.  Judging  by  analog}'  with 
Weil's  disease,  we  suggest  that  the  irregular  distribution  of  spiro- 
chetes in  the  kidneys  may  be  attributable  to  the  partial  destruction 
that  has  taken  place  omng  to  the  action  of  the  antibodies. 

The  characteristics  of  our  spirochetes— their  irregularity  and 
rigidity — may  also  be  considered  as  the  result  of  the  action  upon 
them  of  the  immune  bodies.  We  know  that  in  spirochastosis  ictero- 
ha?morrhagica  the  organisms  disappear  in  the  course  of  the  illness 
through  the  action  of  the  spirochetolytic  and  spirocheticidal  anti- 
bodies, lea^dng  various  irregular  so  called  degenerated  forms  of 
spirochete.  It  is  highly  probable  that  this  is  also  the  case  in  rat- 
bite  fever  in  man.  On  the  other  hand,  in  the  animal  body,  where  no 
specific  immune  bodies  are  developed,  the  spirochetes  exist  in  their 
t>'pical  forms  as  found  by  Futaki  (short  spirochete)  and  also  by 
Ishiwara.  In  conformity  with  this,  we  have  our  finding  of  short  spiro- 
chetes in  the  blood  of  patients  at  the  height  of  the  disease. 

Finally  we  are  confronted  with  the  important  problem  as  to 
whether  the  short  and  long  spirochetes  constitute  two  different  species 
or  one  species  of  spirochete.  Futaki  seems  to  regard  them  as 
organisms  different    in    t>pe,   and    for   that   reason  was   not  clear 

'  At  the  time  of  death  the  patient  had  passed  the  height  of  the  disease. 
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concerning  the  etiology  of  rat-bite  fever.  On  the  basis  of  histological 
investigations,  we  conclude  that  these  two  forms  of  spirochete  belong 
to  the  same  species,  as  one  type  grades  into  the  other,  morphologi- 
cally speaking.  Moreover,  it  does  not  seem  probable  in  our  case  of 
rat-bite  fever  that  spirochetes  of  different  t}pes  simultaneously  in- 
fected the  same  indi\'idual  and  localized  in  the  renal  casts. 

The  long  spirochetes  occur  almost  exclusively  in  human  tissues 
and  we  may  regard  them  as  old  or  degenerated  forms  which  have 
become  irregular  and  stiffly  bent.  The  short  spirochetes,  on  the  other 
hand,  which  have  regular  waves  are  the  typical,  young  specimens. 
They  can  be  found  in  the  blood  of  patients  ha\ing  rat-bite  fever, 
as  well  as  in  the  experimental  animals. 

Futaki  and  his  collaborators,  2  weeks  prior  to  the  appearance 
of  our  pubKcation,  on  the  basis  of  experiments  made  with  pure 
cultures,  arrived  at  a  conclusion  identical  with  our  own. 

Pathological  Anatomy. 

Case  1. — Z.  I.,  male,  age  70,  locomotive  engineer.  Clinical  diagnosis:  rat-bite 
fever. 

History. — A  month  previously  the  patient  while  asleep  was  bitten  by  a  rat,  in 
the  forefinger  of  the  left  hand.  The  wound  bled.  After  2  weeks  the  area  be- 
came swollen  and  red;  very  sensitive.  Incision  was  made.  The  following  day 
the  patient  observed  blotches,  the  size  of  a  finger,  in  rows  on  the  left  forearm. 
These  disappeared  gradually,  only  four  remaining.  Similar  spots  appeared  in 
the  left  cubital  region  and  upper  arm,  and  along  the  tendon  of  the  forefinger. 
20  days  after  the  bite,  the  patient  observed  swelling  of  left  axillary  lymph  glands, 
which  became  as  large  as  a  pigeon's  egg,  and  were  very  painful.  Temperature 
was  not  taken,  but  after  the  incision  there  was  fever,  A  few  days  ago,  slight  chills, 
fever,  headache,  and  loss  of  appetite,  which  have  continued. 

Admitted  to  clinic,  Oct.  18,  1915. 

Present  Illness. — Male,  medium  height.  Nutrition  fair.  Conjunctivae,  mu- 
cosa of-palate,  and  pharynx  markedly  hyperemic.  Tongue  swollen  and  coated. 
Lymph  glands  in  left  axilla,  size  of  bean  to  pigeon's  egg;  very  sensitive.  Both 
cubital  glands  swollen  to  size  of  lentil;  elastic,  soft,  not  sensitive.  Inguinal 
glands  not  swollen.  Thickened  arterial  walls.  Liver  palpable  two  fingers  be- 
low costal  arch,  not  sensitive.  Spleen  not  palpable.  No  ascites.  Urine 
negative. 

Left  forefinger  shows  scar  1  cm.  at  point  of  incision.  Joint  somewhat  af- 
fected. Skin  on  dorsal  side  of  left  second  metacarpophalangeal  articulation 
somewhat  eroded  and  scarred.     Surrounding  area  red  and  hot.     On  dorsal  sur- 
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face  of  left  hand,  a  number  of  reddened  areas,  size  of  quarter,  somewhat  raised, 
also  along  radial  side  of  fore  and  upper  arm.  The  spots  are  united  by  fine  red 
stripes. 

Blood. — Oct.  20,  with  ascending  fever,  hemoglobin  (Sahli),  60  per  cent,  erythro- 
cytes, 4,012,000,  leukocytes  5,600.  Oct.  29,  interval;  hemoglobin  64  per  cent, 
erythrocytes  4,290,000,  leukocytes  4,200.  Nov.  2,  rising  fever,  erythrocytes 
3,090,000,  leukocytes,  12,100. 

Course. — Death  from  senile  anorexia,  7  weeks  after  admission.  Altogether 
eight  fever  attacks,  each  lasting  3  to  4  days,  with  afebrile  intervals  of  2  to  3 
days.  At  onset  of  illness,  typical  fever;  later,  atjqjical,  often  remittent.  Height 
of  fever  in  an  attack  38.5-39.5°C.,  once  reaching  40.1°C.  (Text-fig.  1). 

Left  axillary  glands  at  first  swollen  to  size  of  pigeon's  egg,  diminished  gradu- 
ally. Oct.  30,  when  excised,  they  were  the  size  of  a  bean.  Gland  was  flat  and 
elastic,  partly  hyperemic,  grayish  white.  Spots  on  skin  became  gradually 
fainter;  none  found  on  Oct.  26.  Gradual  loss  of  weight.  Died  of  inanition  and 
marasmus,  Dec.  6. 

Autopsy. — 9  hours  later.  Body  poorly  nourished.  Rigor  mortis  only  in 
knee  joints.  Skin  dry,  dark  brown.  Scar  on  left  forefinger.  No  edema 
or  exanthemata.  Peritoneum  contained  no  abnormal  fluid.  Mesenteric  lymph 
glands  swollen,  on  section  somewhat  injected.  Pericardium  contained  a  table- 
spoonful  of  serous  fluid,  with  fibrin  fragments;  inner  surface  of  pericardium 
opaque.  Heart  in  diastole,  size  of  patient's  fist,  weight  265  gm.  In  left  ventricle, 
no  fluid  or  coagulated  blood;  in  right  ventricle,  small  mass  of  fatty  coagulum. 
Pericardium  somewhat  opaque,  endocardium  without  luster.  Intima  of  root  of 
aorta,  marked  arteriosclerotic  spots;  valves  negative.  Myocardium  soft,  yellow- 
ish brown.  Spleen  somewhat  soft,  small,  8.0  by  7.0  by  1.5  cm.,  64  gm.,  capsule 
corrugated,  trabecular.  Lungs,  marked  anthracosis;  hyperemic;  scattered 
atelectatic  foci.  Glands  of  hilum  somewhat  swollen.  Kidney,  left,  L2  by  5.0 
by  3.0  cm.,  116  gm.,  capsule  adherent,  surface  not  smooth,  partly  nodular  and 
granulated,  congested.  Large  cysts  scattered  on  surface.  On  section  hyperemic, 
cortex  thin;  columns  of  Bertin  yellowish,  granulated;  mucous  membrane  of  pelvis 
slightly  hyperemic,  somewhat  enlarged.  Parenchyma  friable  and  cloudy.  Right 
kidney,  11.0  by  4.5  by  2.5  cm.,  98  gm.,  similar  to  left.  Suprarenals  hyperemic. 
Liver,  30.0  by  13.5  by  5.5  cm.,  1,062  gm.  Surface  smooth,  rib  furrow  on  right 
lobe.  Parenchyma  on  section  yellowish,  dull,  but  acini  recognizable;  con- 
gested, consistency  tough.  Gall  bladder  contained  greenish  mucous  gall;  mucosa 
negative.  Stomach  contained  small  quantity  of  mucus;  mucosa  hyperemic 
and  opaque.  The  same  may  be  said  of  mucosa  of  duodenum;  papilla  duodeni 
permeable.  Pancreas,  hyperemic.  Intestines,  mucosa  opaque  and  hyperemic; 
follicles  not  swollen.  Bladder  contained  small  amount  of  turbid  urine;  marked 
hyperemia  of  mucosa.  Prostate  slate-colored,  not  hypertrophicd.  Cranium, 
subdurally,  large  mass  of  serous  fluid;  meninges  soft,  somewhat  opaque  and 
hyperemic;  brain  slightly  hyperemic.     Bone  marrow  of  tibia  negative. 
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Text-Fig.  1.    Case  1,  male. 
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Diagnosis. — Rat-bite  fever.  (1)  Marasmus  universalis.  (2)  Degeneratio 
parenchymatosa  cordis,  hepatis,  rcnum.  (3)  Gastroenteritis  catarrhalis.  (4) 
Cystitis  catarrhalis.  (5)  Edema  and  hyperemia  meningea.  (6)  Arteriosclerosis 
gradus  gravioris.     (7)  Nephritis  interstitialis  chronica. 

Histological  Examination.  Lymph  Glands. — From  left  axilla,  removed  Oct.  30, 
negative.  Stained  with  hematoxylin  and  eosin.  Showed  simple  hyperplasia  of 
adenoid  tissue.  In  capsule  and  its  surrounding  area,  infiltration  with  plasma 
cells  and  leukocytes.  Parenchyma  markedh'  hj-peremic,  but  showed  no  regressive 
or  marked  inflammatory  changes. 

The  other  organs  were  placed  in  fixing  solution,  and  stained.  The  following  is 
a  report  of  the  hematoxylin  and  eosin  preparations. 

Kidney. — By  low  power,  hyaline  degeneration  of  glomeruli,  interstitial  pro- 
liferation, and  casts,  as  well  as  cylindroid  formation  in  the  tubules.  Cortex 
and  medulla  hyperemic  here  and  there.  Subcapsulary  lobulation  of  cortex, 
consisting  of  scar  tissue,  containing  degenerated  hyaline  glomeruli  and  the  re- 
mains of  kidney  tubules;  marked  cellular  infiltration.  By  high  power,  marked 
changes  in  kidney  tubules,  particularly  of  the  convoluted  tubules.  Cells  mark- 
edly enlarged,  partly  degenerated,  nuclei  remaining  unstained  and  cells  necrotic, 
staining  faintly  reddish  \aolet.  Some  cells  when  stained  with  Sudan  show  small 
fat  globules.  In  other  places,  marked  desquamation  and  destruction  of  cells, 
wdth  stained  nuclei.  Slighter  changes  in  wall  epithelium  of  lower  sections  of 
convoluted  tubules,  Henle's  loops,  and  the  intercalary  portion;  nuclei  stain  well; 
no  necrosis,  though  sometimes  marked  destruction  and  desquamation  of  epithe- 
lium. Infiltration  of  fat  globules  more  marked  in  lower  sections  of  the  tubules. 
The  epithelium  of  convoluted  tubules  contains  ver}'  small  fat  globules  resembUng 
lipoid  substance,  while  in  the  epithelium,  of  straight  tubules,  infiltration  of  larger 
fat  globules  is  common.  =  The  renal  casts  and  cylindroids  are  always  hyaline, 
and  rarely  contain  blood  cells  and  desquamated  epithelium.  Numerous  urinary 
casts  particularly  in  the  lower  sections  of  the  tubules,  and  in  convoluted  tubules, 
Henle's  loops,  intercalary  portion,  etc.  Now  and  then  in  the  enlarged  tubules 
one  finds  a  round,  hyaline  body  composed  of  layers.  The  medullary  canals  also 
contain  numerous  casts.  The  glomeruli  show  total  or  partial  hyaline  degenera- 
tion, some  being  hj^Deremic.  No  abnormal  fluid  in  Bowman's  capsules.  The 
interstitial  spaces  are  markedly  dilated,  but  without  new  connective  tissue  or 
cellular  infiltration,  generally  edematous,  and  in  part  transformed  into  hyaline. 
The  blood  vessels  show  no  marked  changes. 

Liver. — Cells  stain  faint  reddish  violet  with  hematoxylin  and  eosin,  often 
contain  fat  globules,  fine  vacuoles,  and  yellowish  brown  pigment  bodies  in  the 
neighborhood  of  the  nuclei.  No  marked  swelling  or  opacity  of  liver  cells.  With 
Sudan  III,  the  cells  in  acini  centers  show  infiltration  with  small  fat  globules,  while 

2  This  phenomenon  was  also  observed  by  us  in  spirochaetosis  icterohaemor- 
rhagica. 
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in  the  cells  of  the  acini  periphery  there  is  an  accumulation  of  large  drops  of  fat. 
The  central  parts  of  the  acini  are  broken  up  and  markedly  degenerated.  The 
cells  are  atrophic,  disintegrated,  or  necrotic;  many  have  disappeared.  The  gaps 
are  filled  with  blood  cells;  various  grades  of  necrobiosis  in  cells.  Nuclei  are 
unstained  or  disintegrated;  some  have  disappeared.  Marked  fatty  degeneration. 
Liver  cells  of  acini  periphery  are  relatively  compact.  Stellate  cells  of  Kupffer 
slightly  enlarged;  in  part  fatty  degeneration  has  taken  place.  Some  contain 
blood  cells  and  pigment  granules.  The  interstices  show  no  marked  changes. 
Slight  infiltration  of  round  cells  here  and  there.  In  the  bile  duct  nothing  note- 
worthy.    Wall  epithelium  rarely  shows  infiltration  of  fat  globules. 

Spleen. — Negative.  Follicles  not  enlarged,  trabeculae  well  developed.  Scat- 
tered hyperemia.  Central  arteries  thickened,  intima  shows  hyaline  degenera- 
tion. The  nuclei  of  scattered  pulp  cells  do  not  stain  well ;  destroyed.  No  large 
necrotic  foci,  cellular  infiltration,  pigment  deposits,  erythrophagocytosis,  or 
microorganisms. 

Suprarenals.- — Show  in  deep  layer  of  cortex  circumscribed  hyperemia,  causing 
slight  scattering  of  cells. 

Cardiac  Muscles. — Somewhat  pale  and  indistinct;  no  fatty  or  other  degenera- 
tions present.  In  the  fibers  near  the  two  ends  of  the  nuclei,  numerous  pigment 
bodies,  which  stain  yellowish  with  Sudan  III  (brown  atrophy). 

Lungs. — Catarrhal  changes  in  consolidated  parts. 

Mesenteric  Glands. — Blood  vessels  in  the  medulla  are  markedly  dilated  and 
filled;  lymph  sinuses  dilated.  Endothelium,  desquamated  and  degenerated,  often 
taking  up  erythrocytes.  Some  scattered  degenerated  cells  in  sinus  and  follicles. 
Mucosa  of  gastrointestinal  tract  covered  with  mucus;  epithelium  desquamated, 
and  cellular  infiltration  in  propria. 

Muscle  fibers  of  gastrocnemius  here  and  there  slightly  swollen;  partly  changed 
into  hyaline.     No  marked  destruction  of  fibers  or  fatty  degeneration. 

Nerve  Cells.— Ct\h  of  brain  cortex  and  spinal  cord  here  and  there  are  slightly 
enlarged  or  destroyed;  some  are  pyknotic,  nuclei  not  stained.  Nerve  fibers  show, 
though  rarely,  slight  swelling  and  disintegration. 

Skin. — Shows  scar  at  site  of  bite. 

Case  2. — R.  H.,  female,  age  40,  peasant  woman.  Admitted  to  Second  Medical 
Clinic,  July  28,  1908. 

History. — 70  days  ago,  while  asleep,  the  patient  was  bitten  in  the  upper  lip  by  a 
rat.  The  wound  bled,  but  healed  in  a  few  days.  After  a  month,  the  skin  of 
the  bitten  area  became  red,  swollen,  and  very  sensitive.  Swelling  and  redness 
extended  gradually  to  the  angle  of  the  mouth  on  the  right  side,  and  then  to  the 
submaxillary  region.  Since  that  time,  patient  had  attacks  of  chills  and  fever, 
with  headache  and  malaise.  First  attack  lasted  for  a  week,  followed  after  an 
interval  of  1  week  by  a  second.  Patient  observed  also  about  ten  scattered 
spots,  varying  from  the  size  of  a  finger  point  to  a  walnut,  on  the  extremities  and 
the  chest.     High  fever  with  nausea,  vomiting,  loss  of  appetite,  headache,  etc. 
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Swelling  of  lip  and  redness  subsided  gradually.  Fever  came  in  attacks,  often 
accompanied  by  vomiting. 

Present  Illness. — ^Medium  height  and  nutrition.  At  left  angle  of  mouth,  a 
reddish  brown  spot,  2  cm.  in  width.  Neck  in  front  shows  numerous  spots,  some 
connected.  Extremities  also  show  spots,  1  to  4  cm.  in  width.  Over  the  entire 
body,  scattered  exanthematous  areas,  which  disappear  on  pressure.  Tongue 
coated.  Pulse  120,  regular,  tense.  Breasts  and  abdominal  organs  negative. 
Biceps  and  brachialis  anticus  somewhat  sensitive.  No  albumin  in  urine.  No 
edema.     Temperature  38.8°C. 

Course.— July  30.  Blood:  leukocytes  14,333,  erythrocytes  3,495,000.  Aug. 
8.  Rising  fever,  up  to  38.7°C.  Vomiting.  Aug.  10.  Muscular  pains  in  lower 
extremities.  Aug.  12.  Disappearance  of  spots  and  redness  of  mouth  region.  Aug. 
15.  Vomiting.  Aug.  18.  Rapid  pulse.  Aug.  20.  Fever,  39°C.,  increased 
pulse  (150  per  minute),  regular,  small.  No  urination,  marked  meteorism.  Aug. 
22.  unconscious.     Death  by  cardiac  insufficiency. 

Atitopsy. — 12  hours  after  death.  Height  150  cm.,  weight  36.4  kg.  Nutri- 
tion poor.  Rigor  mortis  only  in  knee  joints.  Diffuse  postmortem  discoloration 
on  back  and  neck.  Abdomen  somewhat  distended.  Skin  pale  and  dry,  no 
exanthemata,  no  edema.  In  abdominal  cavity  about  100  cc.  of  clear  yellowish 
fluid.  Intestines  moderately  distended  with  gas.  Serous  membranes  of  intes- 
tines pale,  slate-colored.  Diaphragm,  height  of  fourth  intercostal  space.  No 
abnormal  fluid  in  thorax.  Lungs,  no  adhesions.  Pericardium  contained  about 
a  tablespoonful  of  clear  yellow  fluid;  inner  surface  of  pericardium  somewhat 
injected.  Heart,  size  of  patient's  fist.  In  right  ventricle  a  large  amount  and  in 
left  ventricle  moderate  amount  of  dark  red  fluid  blood  and  fatty  coagulum.  Epi- 
cardial  fat  tissue  moderate,  somewhat  edematous.  Endocardium  smooth,  myo- 
cardium somewhat  opaque.  Consistency  of  heart  soft.  Intima  of  root  of  aorta 
shows  in  the  region  of  the  aortic  valves  a  number  of  yellow  plaques.  Left  lung 
voluminous.  Lower  edge  of  lower  lobe  shows  hypostatic  induration.  On  sec- 
tion, congested.  Bronchial  mucosa  markedly  hyperemic.  Peribronchial  glands 
partly  swollen  and  markedly  anthrocotic.  Right  lung  moist  and  congested,  re- 
sembling left.  Spleen,  12.0  by  5.0  by  2.0  cm.,  weight  58  gm.  Capsule  wrinkled. 
On  section  congested,  follicles  and  trabeculae  visible,  consistency  soft.  Left 
kidne3^  11.5  by  6.0  by  2.5  cm.,  117  gm.  Capsule  easily  removed.  On  outer 
surface,  urinary  cyst  the  size  of  a  pea.  Parench>Tna  shows  slight  opacity.  Col- 
umns of  Bertin  somewhat  swollen,  parenchyma  yellowish,  boundary  of  both  sub- 
stances partly  indistinct.  Right  kidney,  11.3  by  6.0  by  2.8  cm.,  121  gm.,  resemb- 
ling the  left.  Liver,  24.0  by  16.0  by  6.0  cm.,  1,340  gm.  Surface  smooth.  On 
section  somewhat  yellowish  and  opaque.  Gall  bladder  contained  dark  green 
gall.  Mucosa  negative.  Stomach  contained  a  large  mass  of  sour  smelling 
gra>nsh  green  food.  Mucosa  in  spots  hyperemic.  Intestines,  small,  held  a 
large  mass  of  dark  yellowish  green  contents.  Mucosa  slate-colored  or  greenish 
yellow,   somewhat  edematous;  scattered   small   nodules  the    size  of    pin-head. 
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These  nodules  are  darl^  brown,  somewhal  coarse,  and  yellowish  in  the  center. 
Lower  section  of  small  intestine  contained  twenty-four  specimens  of  Ascaris 
lunibricoides;  mucosa  markedly  injected.  Large  intestine  contained  small  fecal 
(fluid)  mass;  mucosa  somewhat  injected.  Retroperitoneal  and  mesenteric  lymph 
glands  not  markedly  swollen.  Urinary  bladder  contained  small  amount  of 
turbid  urine;  mucosa  opaque  and  injected.  Mucosa  of  vagina  also  somewhat 
injected.     Portio  uteri  red.     Mucosa  of  uterus  slightly  hyperemic. 

Diagnosis. — Rat-bite  fever.  (1)  Marasmus  universalis.  (2)  Degeneratio 
parench)Tnatosa  cordis,  hepatis,  renum.  (3)  Gastroenteritis  catarrhalis.  (4) 
Cystitis  catarrhalis.     (5)  Hydrocele   tubjc  dextrse.     (6)  Ascaridosis. 

No  microscopic  examination. 

Case  3. — N.  H.,  female.  Examination  of  swollen  axillary  gland  excised  at  be- 
ginning of  illness  showed  marked  hyperplasia  of  parenchyma  cells.  The  follicu- 
lar substance  is  particularly  hyperplastic.  In  places,  the  hemorrhages  in  the 
follicles  are  marked,  leaving  small  islands  of  cells  between.  No  necrosis  of  the 
parenchyma.  Li  the  peripheral  zone  of  the  gland  there  is  quite  a  dense  ac- 
cumulation of  polynuclear  leukocytes.  Corresponding  with  the  site  of  hemor- 
rhage, the  epithelium  shows  here  and  there  desquamation  and  degeneration. 
Erythrophagocytosis  is  present,  but  not  as  plainly  as  in  spirochaetosis  ictero- 
haemorrhagica.     In  the  medullary  substance,  scattered  leukocytes  are  found. 

Case  4. — Skin  preparation  (old)  from  area  bitten  by  rat.  Corium  and  sub- 
cutaneous tissue  markedly  hyperemic,  edematous,  and  infiltrated  with  polynuclear 
leukocytes.  No  abscess  formation.  Corium  tissue  shows  hemorrhages  and 
fibrin  deposits.  No  changes  in  epidermis.  Scattered  necrotic  cells  in  infiltra- 
tion zone,  but  no  extensive  necrotic  foci. 

SUMMARY   AND   DISCUSSION. 

Of  the  two  postmortem  examinations  on  rat-bite  fever  previously  reported, 
the  patient  of  Miura  and  Toriyama,  a  woman,  aged  32  years,  died  on  the  70th 
day  after  the  onset  of  the  disease.  Anatomically  there  were  no  marked  changes. 
Histological  examinations  were  not  made.  Macroscopically,  the  following  find- 
ings are  reported:  increase  of  cerebrospinal  fluid,  hyperemia  of  the  meninges, 
inflammatory  edema  of  the  lungs,  cloudy  swelling  of  the  liver,  etc. 

The  other,  Blake's  case,  was  a  woman  of  67,  who  died  1  month  after  the 
bite  of  a  rat.  The  anatomical  findings  were  acute  ulcerative  endocarditis,  sub- 
acute myocarditis,  interstitial  hepatitis,  glomerular  and  interstitial  nephritis. 
The  suprarenals  contained  a  large  amount  of  perivascular  fluid.  There  were 
infarcts  in  the  spleen  and  kidney.  In  general,  the  organs  were  hyperemic;  the 
lung  showed  hemorrhages  and  edema.  Histologically,  Blake  found  marked  de- 
generation, necrosis,  and  infiltration  in  the  cardiac  muscles,  infiltration  of  poly- 
nuclear cells,  and  increase  in  the  interstices  of  the  liver,  also  marked  polynuclear 
infiltration  of  the  shrunken  kidney. 
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Blake  was  able  to  demonstrate  Slreptothrix  miiris  ralli  in  the  tissues,  which  he 
assigned  as  the  cause  of  rat-bite  fever.  He  viewed  the  degeneration  and  infil- 
tration in  the  organs,  together  with  the  ulcerative  endocarditis,  as  the  result 
of  the  streptothrix  infection. 

Pathological  Anatomy. 

Our  Case  1  was  that  of  a  man  of  70,  who  died  80  days  after  the  bite 
of  a  rat,  and  2  months  from  the  onset  of  illness.  In  contrast  to 
Blake's  case,  there  were  no  marked  pathological  changes,  with  the 
exception  of  the  parenchymatous  changes  in  the  organs.  The  kid- 
ney changes  are  attributable  in  part  to  the  condition  of  shrunken 
kidney,  which  had  existed  for  some  years  pre\dous  to  the  infection. 
Other  changes,  such  as  the  marked  hyperemia,  swelling,  and  degenera- 
tion of  the  tubular  epithelium,  must  be  regarded  as  caused  by  the 
rat-bite  fever.  In  part,  the  formation  of  casts  can  likewise  be  so 
interpreted.  The  liver  shows  marked  changes,  degeneration,  necro- 
sis, and  destruction  of  liver  cells,  particularly  in  the  acinus  centers, 
with  hyperemia  and  hemorrhages,  the  fatty  degeneration  of  the  liver 
cells  being  especially  marked  in  the  acinus  centers.  Parenchymatous 
changes  of  the  liver  and  kidney  were  observed  macroscopically  in 
Case  2. 

The  hematopoietic  organs,  i.e.,  the  spleen,  lymph  glands,  and  the 
bone  marrow,  show  in  general  no  abnormalities.  The  local  lymph 
glands  at  the  beginning  of  illness  show  marked  hyperplasia  of  the 
parenchyma  cells.  In  this,  the  part  played  by  the  follicular  substance 
must  be  taken  into  consideration.  The  cellular  hyperplasia  is  simpler 
and  of  an  inflammatory  character.  Although  the  hyperemia,  hemor- 
rhages, and  the  loosening  of  the  follicles  are  distinct,  there  are  no 
noteworthy  regressive  changes.  There  is  a  slight  catarrhal  condi- 
tion of  the  sinus  and  erythrophagocytosis,  while  in  spirochajtosis 
icterohaemorrhagica  these  manifestations  are  marked.  In  the  course 
of  the  disease,  the  swelling  of  the  local  lymph  gland  subsides  gradually, 
and  the  corresponding  changes  become  less.  Other  lymph  glands, 
such  as  the  mesenteric,  also  show  shght  swelhng,  with  hyperemia- and 
catarrhal  changes. 

In  addition  we  noted  in  our  case  catarrhal  changes  in  the  mucous 
membrane  of   the  stomach,   cystitis  catarrhahs,   congestion  of   the 
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lungs,  etc.  The  degeneration  of  the  muscle  and  nerve  cells,  though 
slight,  must  be  regarded  as  a  phenomenon  of  this  disease.  The 
meninges  were  also  hyperemic  and  edematous. 

We  have  few  comments  to  make  on  the  exanthemata,  as  we  lacked 
material  for  anatomical  investigation.  The  site  of  the  bite  showed, 
as  in  the  fourth  case,  cellular  infiltration,  edema,  and  degeneration 
(acute  exudative  inflammation).  In  the  lungs,  as  already  mentioned, 
we  found  signs  of  congestion,  but  the  accompanying  marked  inflam- 
matory changes  must  be  regarded  as  the  result  of  a  mixed  infection, 
because  we  found  an  accumulation  of  diplococci. 

The  changes  observed  by  Miura  and  Toriyama  agree  with  ours, 
but  a  great  difference  exists  between  Blake's  case  and  ours.  In  his 
case  there  were  marked  infiltration  of  pus  cells  and  regressive  changes 
in  the  organs— even  an  ulcerative  endocarditis.  These  differences 
cannot  be  explained  on  the  basis  of  the  duration  of  illness.  Though 
the  time  of  illness  in  our  case  was  very  long ;  it  was  marked  up  to  the 
time  of  death  by  fever.  In  Blake's  patient,  we  must  attribute  the 
marked  changes,  as  emphasized  also  by  the  author,  to  streptothrix 
infection.  If  this  streptothrix  is  the  cause  of  rat-bite  fever,  the 
changes  which  have  been  described  would  be  significant,  but  in  view 
of  our  findings  in  Japan,  and  on  the  basis  of  the  histological  studies 
made  by  Ido,  Ito,  Wani,  and  Okuda,'  there  is  doubt  in  our  minds 
whether  the  streptothrix  should  be  so  regarded.  It  is  possible  that 
Blake'.«i  case  was  one  of  mixed  infection. 

In  their  experiments  with  rat-bite  fever,  Ishiwara  and  his  asso- 
ciates found  in  addition  to  swelhng  of  the  bitten  area  and  lymph 
glands,  acute  inflammatory  changes  in  the  kidney,  and  hyperemia  and 
hemorrhages  in  the  suprarenals.  We  examined  the  guinea  pigs  of 
Ido  and  his  associates,  which  were  infected  by  the  bite  of  rats;  and 
also  observed  swelling  of  the  bitten  area  and  of  the  regional  lymph 
glands,  with  sHght  nephritis,  hyperemia  of  the  lungs,  catarrh  of  the 
mucosa  of  the  stomach,  and  slight  parenchymatous  degeneration  in 
the  organs.  These  changes  on  the  whole  resemble  those  of  human 
cases. 


'  Ido,  Y.,  Ito,  H.,  Wani,  H.,  and  Okuda,  K.,  Circulating  immunity  principles 
in  rat-bite  fever,  J .  Exp.  Med.,  1917,  xxvi,  377. 
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In  conclusion  we  desire  to  express  to  Dr.  Ryokichi  Inada  our 
thanks  for  his  assistance  in  this  work,  to  Dr.  H.  Nakayama  of  the 
Pathological  Institute  of  the  Imperial  University  in  Kyushu  for 
permitting  us  to  use  the  protocols,  and  to  Dr.  Takeya  of  the  Second 
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EXPLANATION  OF  PLATES. 

Plate  32. 

Fig.  1.  Various  forms  of  spirochetes  found  in  the  tissues.  From  silver 
preparations. 

Plate   33. 
Fig.  2.  Spirochetes  found  in  renal  casts.     From  silver  preparations. 

Plate  34. 
Spirochetes  in  the  tissues. 

Fig.  3.  Spirochete  in  cortex  of  suprarenal.     X  1,130. 

Figs.  4  to  6.  Spirochetes  in  urinary  casts.  Fig.  4,  x  630.  Fig.  5,  X  380. 
Fig.  6,  X  460. 
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(Kaneko  and  Okuda:   Rat-bite  fever.) 
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Fig.  2. 

(Kane'io  and  Okuda:  Rat-bite  fever.) 
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Fig.  3. 


Fig.  4. 


Fig.  5. 


(Kaneko  and  Okuda:   Rat-bite  fever.) 


CIRCULATING  IMMUNITY  PRINCIPLES  IN  RAT-BITE 

FEVER.* 

B\   YUTAKA  IDO,   M.D.,    HIROSHI   ITO,  M.D.,    HIDETSUNE  WANT,  M.D., 
AND  KIKUZO  OKUDA,  M.D. 

(From  the  First  Medical  Clinic  of  the  Imperial  University  in  Kyushu,  Fukuoka, 

Japan.) 

(Received  for  publication,  February  20,  1917.) 

We  owe  our  knowledge  of  the  causative  agent  of  rat-bite  fever  largely  to  the 
researches  of  the  Japanese  workers,  Futaki  and  Ishiwara,  and  their  associates. 
Futaki  in  1915,  reported  finding  a  spirochete  in  preparations  from  the  bitten 
area  and  the  lymph  glands  of  persons  having  rat-bite  fever.  Ishiwara  and  Ohta- 
wara,  during  the  same  year,  conducted  histological  studies  on  guinea  pigs  which 
had  been  experimentally  infected  with  rat-bite  fever,  and  found  a  similar  spiro- 
chete. In  1916,  numerous  other  authors  in  Japan  took  up  the  problem  which 
centered  particularly  in  the  variety  of  types  of  spirochetes  found  in  the  disease 
in  man  and  the  experimental  animals.  Two  main  groups — long  and  short  spiro- 
chetes— were  distinguished.  In  May,  1916,  Futaki  announced  on  the  strength  of 
cultural  studies  made  by  him  and  his  associates,  that  the  two  types  are  in  all 
probability  identical,  and  a  little  later  he  definitely  advanced  the  belief  that  the 
organism  is  the  causative  agent  of  rat-bite  fever.  His  work  was  confirmed  by 
Kaneko  and  Okuda,'  who  reported  on  the  pathological  anatomy  of  the  disease. 

The  short  spirochete  found  by  Futaki,  and  Kaneko  and  Okuda,  coincides  with 
respect  to  form  and  movement  with  that  observed  by  Ishiwara  and  his  associates 
in  experimentally  infected  guinea  pigs.  These  spirochetes  have  been  identified 
in  guinea  pigs,  white  rats,  and  mice,  following  the  intraperitoneal  injection  of 
patients'  blood  and  emulsion  of  lymph  gland.  In  the  guinea  pig,  fever  resulted. 
In  no  instance  were  these  spirochetes  found  in  healthy  guinea  pigs,  white  rats, 
or  mice.  They  were  also  absent  from  the  blood  and  tissues  of  infected  animals 
receiving  salvarsan  treatment. 

On  the  basis  of  the  facts  above  cited  we  may  say  that  in  all  prob- 
ability the  spirochete  which  has  been  described  is  the  causative  agent 
of  rat-bite  fever.    The  premises  are,  however,  not  complete,  for  we 

*  Published  in  Tokyo  Iji-Shuho,  September,  1916,  No.  1990. 
1  Kaneko,  R.,  and  Okuda,  K.,  A  contribution  to  the  etiology  and  pathology 
of  rat-bite  fever,  J.  Exp.  Med.,  1917,  xxvi,  363. 
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lack  one  significant  proof  in  order  to  make  the  assertion  conclusive. 
It  is  necessary  to  demonstrate  in  the  serum  of  patients  having  rat- 
bite  fever  an  immunity  principle  which  is  specific  for  the  spirochetes 
of  that  disease.  Up  to  the  present  time  such  confirmation  has  been 
lacking. 

In  the  postmortem  examination  made  in  our  clinic  of  a  patient 
having  rat-bite  fever,  the  spirochetes  were  found  located  mainly  in 
the  kidneys,  and  not  in  other  tissues.  A  similar  localization  of  spi- 
rochetes in  the  kidneys  is  true  in  the  convalescent  stage  of  spirochae- 
tosis  icterohaemorrhagica,  and  as  that  phenomenon,  together  with  the 
disappearance  of  symptoms  in  Weil's  disease,  has  been  explained  on 
the  ground  of  the  formation  of  antibodies  in  the  blood,  we  may  as- 
sume that  a  similar  condition  exists  in  rat-bite  fever;  i.e.,  antibodies 
are  present  in  the  blood  of  those  who  recover  from  the  disease.  In 
order  to  prove  this  point,  we  obtained  blood  serum  from  three  pa- 
tients recovering  from  rat-bite  fever,  and  conducted  the  experiments 
cited  below. 

The  spirochetes  employed  by  us  came  from  guinea  pigs,  the  ani- 
mals having  been  infected  through  the  bite  of  the  rat,  Mus  decumanus. 
Ishiwara  has  afi&rmed  that  these  organisms  are  morphologically 
identical  with  those  studied  by  him  and  obtained  from  experimen- 
tally infected  animals.  We  used  no  spirochetes  taken  directly 
from  human  beings. 

Histories  oj  Patients  from  Whom  Blood  Was  Obtained  jor  Animal 

Experiments. 

Case  1. — Male,  age  17,  farmer.  In  Aug.,  1915,  the  patient  was  bitten  in  the 
tip  of  the  right  Httle  finger  by  a  house  rat.  After  2  weeks,  the  bitten  area  be- 
came swollen  and  red,  followed  by  swelling  of  right  neck  and  axiUary  glands,  and 
typical  fever.  Admittetl  to  First  Surgical  Chnic  of  the  University.  Diagnosis, 
rat-bite  fever.  Discharged,  cured,  after  59  days.  Blood  taken  on  July  27, 
1916. 

Case  2. — Male,  age  40,  farmer.  The  patient  was  bitten  in  the  upper  arm 
by  a  rat,  in  Feb.,  1916.  After  20  days,  the  patient  developed  high  fever,  chills, 
swelling  and  sensitiveness  of  right  axillary  glands;  typical  exanthematous  spots. 
Admitted  to  First  Surgical  Clinic.  Treated  with  salvarsan.  Blood  taken  on 
Aug.  4,  1916. 
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Case  3. — Female,  age  35,  wife  of  merchant.  In  May,  1916,  the  patient  was 
bitten  on  the  right  upper  eyeUd,  by  a  house  rat.  After  3  weeks,  swelling  and 
redness  of  bitten  area;  eye  closed.  High  fever,  swelling  of  neck  glands,  and 
exanthematous  spots.  Admitted  to  the  Dermatological  Clinic.  Diagnosis,  rat- 
bite  fever.     Blood  taken  on  Aug.  7,  1916. 

Dark-Field  Preparations. 

We  examined  by  dark-field  illumination  a  mixture  of  one  loopful  of 
guinea  pig  blood  containing  one  to  two  spirochetes  to  an  optical 
field  and  one  loopful  of  serum  from  recovered  cases  of  rat-bite  fever. 
Control  experiments  were  made  with  serum  obtained  from  recovered 
cases  of  Weil's  disease  or  beri-beri,  and  isotonic  salt  solution. 

In  the  control  experiments  we  found  relatively  numerous  spiro- 
chetes, but  we  were  unable  to  identify  any  actively  moving  organisms 
in  the  experiments  made  with  the  spirochetes  and  serum  of  rat-bite 
fever,  although  motionless  or  very  inactive  specimens  were  present. 
Here  the  spirochetes  had  been  almost  totally  destroyed.  We  found 
only  one  or  two  specimens  in  a  preparation. 

Experiments  were  then  undertaken  to  ascertain  the  efiicacy  of 
diluted  serum.  For  this  purpose  we  employed  serum  in  isotonic  salt 
solution,  diluted  two-,  four-,  and  eightfold,  and  made  tests  similar 
to  those  which  have  been  described.  Twice  diluted  serum  still 
showed  the  spirocheticidal  and  spirochetolytic  properties,  but  with 
serum  in  a  dilution  of  four,  no  such  effects  were  observed. 

It  is  exddent  from  these  experiments  that  the  serum  of  patients 
convalescing  from  rat-bite  fever  contains  a  specific  immimity  prin- 
ciple against  the  spirochetes  of  that  disease,  although  the  immune 
body  is  relatively  weak. 

Pfeiffer's  Phenomenon. 

Pfeiffer's  tests  were  made  with  the  rat-bite  fever  serum  and  the 
blood  of  guinea  pigs  containing  the  spirochetes.  In  view  of  the  fact 
that  the  immune  bodies  which  develop  In  the  blood  in  rat -bite  fever 
are  relatively  weak,  as  demonstrated  by  the  experiments  described 
above,  we  employed  in  these  tests  two  parts  of  serum  to  one  part  of 
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blood,  in  order  to  obtain  conclusive  results.  The  quantities  used 
were  2  cc.  of  serum  and  1  cc.  of  heart  blood  taken  from  an  experi- 
mentally infected  guinea  pig.  This  mixture  was  injected  into  the 
peritoneal  cavity  of  another  guinea  pig.  After  30  minutes  and  again 
after  2  hours  peritoneal  fluid  was  drawn  by  puncture,  and  a  search 
for  spirochetes  was  made  by  dark-field  illumination. 

The  experimental  animals  were  also  kept  under  observation,  in 
order  to  throw  further  light  on  our  results,  and  two  series  of  control 
experiments  were  carried  out.  In  the  one  case,  we  made  Pfeiffer's 
tests  with  the  serum  of  beri-beri  or  spirochaetosis  icterohsemorrhagica; 
in  the  other,  we  injected  1  cc.  of  the  infected  guinea  pig  blood  but 
no  serum.     The  results  are  shown  in  Tables  I,  II,  and  III. 

It  will  be  seen  that  no  spirochetes  were  found  in  the  peritoneal 
fluid  taken  30  minutes  or  2  hours  after  injection  in  Pfeiffer's  tests 
made  with  the  immune  serum  of  rat-bite  fever  and  the  blood  of 
guinea  pigs  containing  the  rat-bite  fever  spirochetes.  On  the  other 
hand,  the  peritoneal  fluid  contained  numerous,  briskly  moving  spiro- 
chetes in  the  control  experiments  made  with  beri-beri  or  spirochae- 
tosis icterohaemorrhagica  serum,  as  well  as  in  the  experiments  where 
only  1  cc.  of  guinea  pig  blood,  and  no  serum,  was  injected.  It  is 
clear  that  the  serum  of  persons  recovering  from  rat-bite  fever  has  a 
specific  spirochetolytic  and  spirocheticidal  effect  upon  the  organisms 
in  question. 

The  blood  of  the  experimental  animals  kept  under  observation  was 
examined  by  dark-field  illumination;  in  the  case  of  the  animals  in- 
jected from  Case  1  on  the  12th,  20th,  and  29th  day  after  Injection ; 
of  animals  receiving  blood  from  Case  2,  on  the  7th,  15th,  and  24th 
day;  and  animals  infected  from  Case  3,  on  the  5th,  13th,  and 
22nd  day.  The  results  in  these  experiments  were  similar  to  those  of 
Pfeiffer's  phenomenon  tests.  In  the  case  of  the  guinea  pig  showing 
positive  spirochetolysis,  no  spirochetes  could  be  detected  in  the 
peripheral  blood,  while  in  the  control  animals  numerous  organisms 
were  found  5  days  after  injection,  thus  proving  the  efficacy  of  the 
serum  in  protecting  the  guinea  pig  agamst  rat-bite  fever  infection. 
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The  Action  of  Rat-Bite  Fever  Serum  on  the  Spirochetes  Circulating 

in  the  Blood. 

We  injected  1  to  3  cc.  of  serum  from  the  three  cases  of  rat-bite 
fever  intraperitoneally,  intravenously,  or  subcutaneously  into  guinea 
pigs.  The  results  were  wholly  negative,  as  the  spirochetes  in  the 
circulating  blood  were  not  affected.  We  beUeve,  however,  that  the 
negative  character  of  the  experiments  is  due  to  the  small  quantity  of 
serum  employed,  and  that  in  order  to  obtain  a  decisive  result  it  is 
necessary  to  use  for  injection  into  the  experimental  animals  serum  in 
quantities  corresponding  to  the  total  amount   of  blood  employed. 

As  the  guinea  pig  requires  a  large  amount  of  serum  on  account  of 
its  size,  we  used  mice  in  our  further  experiments.  The  maximum 
body  weight  of  a  mouse  is  10  gm.,  and  hence  the  amount  of  serum 
needed  is  not  large;  we  found  that  1  cc.  of  serum  is  effective  in  the 
mouse.  This  quantity  of  the  immune  serum  of  rat-bite  fever  was 
injected  intraperitoneally  into  two  mice,  and  intravenously  into 
another.  In  the  mouse  receiving  the  intravenous  injection,  we  were 
unable  to  find,  30  minutes  after  inoculation,  any  spirochetes  in  the 
blood  by  dark-field  illumination,  while  numerous  organisms  had  been 
detected  prior  to  the  injection.  In  the  other  mice,  those  which  had 
received  intraperitoneal  injections,  the  number  of  spirochetes  30 
minutes  after  inoculation  was  greatly  decreased,  only  one  or  two 
specimens  being  found  in  a  preparation  after  dihgent  search.  It 
must  be  added,  however,  that  in  the  latter  case  an  increase  in  the 
number  of  spirochetes  in  the  blood  took  place  1  or  2  days  later.  In 
the  intravenously  injected  mouse,  a  small  number  of  spirochetes  could 
be  detected  in  the  blood  on  the  3rd  day  following  the  injection. 

SUMMARY. 

Summarizing  the  results  that  have  been  cited,  we  have  proved 
that  the  blood  serum  of  convalescents  from  rat-bite  fever  contains 
antibodies  which  are  specific  against  the  causative  agent  of  that 
disease.  The  scrum  of  rat-bite  fever  was  capable  of  destroying  the 
spirochetes  not  only  in  the  hanging  drop  preparations,  but  also  in 
the  peritoneal  ca\ity  of  guinea  pigs.     The  guinea  pigs  employed  for 
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Pfeiffer's  test  always  remained  well.  In  the  experimentally  infected 
mice  recei\dng  intravenously  or  intraperitoneally  serum  equalling  in 
quantity  the  amount  of  infected  blood,  the  numJDcrs  of  spirochetes 
were  greatly  decreased  or  they  disappeared  for  a  definite  period.  It 
is  not  yet  clear  how  long  after  recovery  from  rat-bite  fever  the  anti- 
bodies are  effective  in  the  blood  of  human  beings,  and  further  inves- 
tigations are  needed  to  elucidate  this  point.  In  our  experiments  we 
found  that  serum  taken  from  Case  1  showed  definite  spirochetolytic 
and  spirocheticidal  properties  11  months  after  the  onset  of  the  dis- 
ease. In  Case  2,  the  period  w^as  6  months,  and  in  Case  3,  3  months 
following  the  onset  of  rat-bite  fever. 

CONCLUSIONS. 

1.  The  serum  of  persons  who  have  recovered  from  rat-bite  fever 
contains  an  immune  body  which  destroys  the  spirochetes  of  that 
disease. 

2.  The  experiments  here  cited  confirm  the  findings  of  Futaki  and 
his  associates,  with  respect  to  the  spirochete  which  is  identical  with 
the  organism  discovered  by  Ishiwara  and  Ohtawara  and  advanced  as 
the  causative  agent  of  rat-bite  fever.  The  etiology  of  rat-bite  fever 
has,  therefore,  been  definitely  estabhshed. 

3.  The  immune  body  present  in  blood  serum  during  the  convales- 
cent stage  of  rat-bite  fever  is  not  equal  in  efl&cacy  to  that  contained 
in  the  serum  of  spirochaetosis  icterohaemorrhagica. 

We  take  pleasure  in  expressing  our  appreciation  of  the  direction 
and  support  w^hich  Dr.  Ryokichi  Inada  has  given  to  our  work. 


PULMONARY  EMBOLISM. 

An  Experimental  Study. 

By  frank  C.  MANN,  M.D. 
{From  the  Mayo  Clinic,  Rochester,  Minn.) 
Plates  35  and  36. 
(Received  for  pubKcation,  April  4,  1917.) 

Virchow*  was  the  first  to  recognize  embolism  and  to  study  it  ex- 
perimentally. Cohnheim^  was  the  next  investigator  to  consider  the 
subject.  Cohn^  produced  a  classical  work  on  embolism  in  which  he 
considered  the  subject  in  its  broad  aspects  both  clinically  and  ex- 
perimentally. Welch^  presented  the  more  recent  complete  review 
of  the  subject,  and  the  clinical  and  pathologic  aspects  of  pulmonary 
embolism  have  been  discussed  by  Wilson,^  who  suggested  this 
investigation. 

Many  experiments  by  various  investigators  have  been  performed 
on  embolism.  However,  the  main  purpose  of  most  of  the  experi- 
menters has  been  either  to  determine  the  location  of  the  emboli  or  to 
study  the  method  by  which  the  lung  becomes  infarcted.  Very  few 
have  aimed  to  determine  the  mechanism  producing  death. 

Deaths  due  to  pulmonary  emboHsm  may  be  divided  into  three 
groups:*^  (1)  Lnmediate  death  occurring  when  only  a  small  portion 
of  the  pulmonary  circulation  is  obstructed.  (2)  Death  caused  within.a 
few  minutes  and  due  to  a  complete  or  almost  complete  blocking  of 

1  Virchow,  R.  L.  K.,  Ueber  die  Verstopfung  der  Lungenarterie,  Notizen  Gebiete 
Natur.-u.     Heilk.,  1846,  xxxvii,  26-31. 

^  Cohnheim,  J.,  Untersuchungen  iiber  die  embolischen  Processe,  Berlin,  1872. 

'  Cohn,  B.,  Klinik  der  embolischen  Gefasskrankheiten,  mit  besonderer  Riick- 
sicht  auf  die  arztliche  Praxis,  Berlin,  1860. 

•*  Welch,  W.  H.,  Thrombosis  and  embolism,  in  Allbutt's  System  of  medicine, 
London,  1899,  vi,  155-285. 

^  Wilson,  L.  B,,  Fatal  post-operative  embolism,  Ann.  Surg.,  1912,  Ivi,  809-817. 

^  Schumacher,  Quoied  by  Meyer,  W.,  The  surgery  of  the  pulmonary  artery, 
Tr.  Am.  Surg.  Assn.,  1913,  xxxi,  223-248. 
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the  pubnonary  circulation.  (3)  Delayed  death,  the  result  of  an 
increase  by  thrombosis  of  an  initial  blockage  by  an  embolus  of  a 
portion  of  the  pulmonary  circulation. 

The  cause  of  death  in  either  Group  2  or  Group  3  is  very  evident. 
The  mechanism  by  which  death  is  produced  by  an  embolus  which 
blocks  only  a  small  part  of  the  pulmonary  circulation  (Group  1)  is 
unknown. 

The  present  investigation  was  made  for  the  purpose  of  determining 
this  unknown  factor,  a  purpose  I  have  not  been  able  to  accomplish 
as  it  has  been  possible  to  produce  death  experimentally  only  by  a 
more  or  less  complete  blocking  of  the  pulmonary  circulation.  How- 
ever, a  brief  report  of  the  experiments  may  be  of  value. 

All  experiments,  unless  otherwise  stated,  were  performed  under 
ether  anesthesia,  and  the  carotid  blood  pressure  and  respiration  were 
recorded.  The  emboli  were  sent  into  the  venous  circulation  through 
the  right  femoral  vein  except  in  a  few  experiments  in  which  the  left 
external  jugular  was  used. 

The  emboH  employed  were  of  two  kinds.  One  kind  was  made  of 
paraffin  with  a  melting  point  of  about  43°C.  It  was  found  that  ordi- 
nary Christmas  candles  offered-  ideal  material  for  these.  By  using 
the  different  colors  it  was  possible  to  make  each  embolus  distinctive 
and  thus  to  tell  definitely  the  relationship  between  the  time  the  em- 
bolus was  sent  into  the  circulation  and  the  position  in  which  it  was 
found  at  autopsy.  Furthermore,  the  melting  point  of  the  candle 
was  such  that  it  became  soft  and  would  readily  mold  at  body  tem- 
perature but  did  not  form  droplets. 

The  other  kind  of  embolus  was  made  from  the  animal's  own  blood. 
The  left  external  jugular  vein  and  the  right  femoral  vein  were  dis- 
sected free  for  a  portion  of  their  course.  Blood  vessel  clamps  were 
placed  on  them  and  the  exposed  portion  of  the  veins  was  allowed  to 
become  distended  with  blood.  It  was  then  gently  crushed  with  a 
hemostat,  and  after  this  a  few  cubic  centimeters  of  tissue  extract  or 
blood  serum  from  the  same  animal  were  injected  into  the  damaged 
veins.  Under  these  conditions  large  clots  formed  in  the  vessels 
very  quickly.  When  the  clamps  were  removed  the  clots  were  swept 
into  the  circulation,  the  process  simulating  the  detachment  of  a 
thrombus  in  a  patient. 
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The  general  results  of  all  the  experiments  were  the  same.  It  was 
impossible  to  produce  death  or  seriously  imperil  the  life  of  the  ani- 
mal by  emboli  until  the  pulmonary  circulation  was  greatly  obstructed 
(Protocol  1).  Some  emboh  passed  from  the  femoral  vein  to  a  branch 
of  the  pulmonary  artery  without  producing  any  effects  on  either  blood 
pressure  or  heart  beat.  Usually,  however,  there  was  a  shght  drop 
in  the  blood  pressure  at  the  instant  the  embolus  passed  through  the 
heart.  This  drop  simulated  that  of  a  momentary  inhibition  of  the 
heart.  Section  of  the  vagi,  however,  did  not  prevent  it.  In  all 
probability  it  was  due  to  a  passage  of  the  embolus  through  the  pul- 
monary valves.  This  was  quickly  recovered  from  and  the  blood 
pressure  usually  maintained  a  practically  uniform  level  until  many 
emboli  had  been  sent  into  the  circulation.  The  first  noticeable  effect 
of  the  emboli  was  an  increase  in  the  venous  pressure.  The  abdom- 
inal veins  stood  out  prominently,  and  small  veins  severed  in  the 
operative  procedure  which  did  not  bleed  at  the  time  of  section  began 
to  bleed  after  the  passing  of  a  few  emboH.  Later,  blood  pressure  de- 
creased; in  some  experiments  suddenly,  in  others  it  fell  to  zero 
slowly.  The  sudden  drop  was  usually  found  to  be  due  to  a  sudden 
blocking  of  the  pulmonary  artery,  while  in  the  gradual  drop  the  emboli 
had  blocked  most  of  the  pulmonary  branches,  and  blood  clots  had 
formed  around  them.  Respiration  was  unaffected  until  blood  pres- 
sure began  to  decrease.  Then  it  usually  increased  in  both  rate 
and  ampKtude.  The  blood  pressure  usually  reached  zero  before 
respiration  ceased. 

At  autopsy  in  every  instance  in  which  death  had  been  produced  by 
the  emboh,  the  pulmonary  circulation  was  found  to  be  almost  com- 
pletely obstructed.  Depending  on  the  size  of  the  emboU  in  some 
experiments,  the  pulmonary  artery  or  the  two  branches  were  blocked; 
in  others  the  occlusion  occurred  in  the  smaller  branches.  When  the 
blood  pressure  had  decreased  slowly  and  venous  pressure  had  in- 
creased considerably,  many  of  the  emboli  sent  into  the  circulation 
toward  the  end  of  the  experiment  were  found  in  the  right  ventricle 
or  vena  cava. 

The  position  assumed  by  the  emboh  in  the  pulmonary  system  in 
relation  to  the  time  of  the  injection  was  fairly  uniform.  As  would  be 
anticipated,  the  first  emboh  passed  were  usually  found  in  the  larger 
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branches  of  the  pulmonary  artery,  and  the  first  two  or  three  emboli 
were  found  in  the  upper  branch  of  the  left  branch  of  the  pulmonary 
artery  or  in  the  pulmonary  branch  going  to  the  largest  lobe  of  the 
right  lung.  The  positions  of  the  rest  of  the  emboli  were  never 
uniform. 

As  it  was  found  impossible  to  produce  sudden  death  by  emboli  in 
normal  dogs  without  almost  complete  obstruction  of  the  pulmonary 
circulation,  the  procedure  was  repeated  using  animals  with  a  greatly 
depressed  circulation.  In  a  few  experiments  the  animal  was  sub- 
jected to  several  hours'  anesthesia  before  the  emboli  were  used; 
other  dogs  were  practically  moribund  with  distemper.  In  all  these 
animals  the  blood  pressure  was  low  (Protocol  2).  The  results  in 
these  experiments  did  not  differ  from  those  for  which  normal  dogs 
were  employed.  Death  was  not  produced  until  obstruction  of  the 
pulmonary  circulation  occurred. 

It  was  deemed  possible  that  general  anesthesia  was  a  factor.  To 
obviate  this,  in  a  small  series  of  animals  the  operative  procedures 
were  done  under  local  anesthesia.  The  results  were  the  same  as 
when  ether  was  employed  (Protocol  3). 

In  a  few  experiments  the  emboli  were  sent  in  under  sterile  condi- 
tions. When  very  many  emboli  were  employed  the  animal  either 
died  on  the  table  or  a  short  time  afterward,  or  developed  infarction 
of  the  lungs.  When  only  a  few  emboli  were  employed  the  animal 
was  not  affected  (Protocol  4). 

Death  from  pulmonary  embohsm  usually  takes  place  in  relatively 
strong  patients  at  the  time  they  attempt  to  leave  the  sickroom  at  the 
beginning  of  convalescence.  They  are  usually  active  at  the  time  of 
death.  To  simulate  this  condition  a  strong  animal  was  fasted  for 
several  hours  and  the  emboli  passed  into  the  circulation  immedi- 
ately after  a  period  of  intense  exercise.  The  results  of  this  experiment 
were  also  negative  (Protocol  5). 
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EXPERIMENTAL. 

Protocol  1. — Mongrel,  male;  weight  7  kilos. 

December  22,  1916.  8.45  a.m.  Animal  etherized.  The  apparatus  was 
arranged  to  record  carotid  blood  pressure  and  respiration.  Right  femoral  vein 
exposed.  Norma!  record  taken,  beginning  at  9.10  a.m.  Emboli  of  parafhn, 
4  cm.  in  length  and  0.5  cm.  in  diameter,  were  inserted  into  the  right  femoral 
vein  as  follows: 


Time. 

Embolus  No. 

Color  of  embolus. 

a.m. 

9.21 

1 

Lavender. 

9.22 

2 

Blue. 

9.22i 

3 

Red. 

9.23 

4 

Pink. 

9.24 

5 

Yellow. 

9.241 

6 

Orange. 

9.25 

7 

Green. 

9.25i 

8 

Lavender  and  yellow. 

9.261 

9 

Green  and  yellow. 

9.27 

10 

Red  and  j'ellow. 

9.28 

11 

Mi.xed,  several  colors. 

The  blood  pressure  was  affected  as  each  embolus  passed  through  the  heart. 
Later,  blood  pressure  began  to  decrease,  the  dog  dying  at  9.47  a.m.  Fig.  1 
gives  the  kymograph  record  of  blood  pressure  and  respiration,  and  Figs.  2  and 
3  give  the  size  and  location  of  emboli. 

Protocol  2. — Bulldog,  female;  weight  18.6  kilos. 

December  27,  1916.  The  animal  was  in  very  poor  condition.  9.40  a.m.  Ether- 
ized. The  apparatus  was  arranged  to  record  blood  pressure  and  respiration.  A 
small  amount  of  blood  was  withdrawn.  The  right  common  iliac  vein  was  exposed, 
as  was  also  the  right  femoral  vein.  A  blood  vessel  clip  was  placed  on  the  iliac  vein, 
and  after  the  contributary  veins  were  gently  crushed  with  a  hemostat,  blood 
serum  taken  from  the  blood  which  had  been  withdrawn  was  injected  into  the 
injured  veins.  The  same  process  was  repeated  with  the  left  external  jugular 
vein.  Clots  soon  formed  in  each  vessel.  10.37  a.m.  Blood  pressure  60  mm. 
10.44  a.m.  The  clamp  was  removed  from  the  jugular  vein  and  the  clots  were 
swept  into  the  circulation.  The  blood  pressure  decreased  12  mm.  but  soon  re- 
turned to  normal.  10.48  a.m.  The  clamp  was  removed  from  the  iliac  vein. 
The  blood  pressure  immediately  fell  and  gradually  decreased  until  it  reached 
zero  at  10.54  a.m.  Fig.  4  gives  the  kyTnograph  record  of  the  blood  pressure 
and  respiration. 

Autopsy  was  performed  immediately.     There  was  a  large  clot,  3.5  by  1  cm., 
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in  the  pulmonary  artery  and  extending  into  the  right  ventricle.  This  practi- 
cally completely  obstructed  the  artery.  The  left  branch  of  the  pulmonary  artery 
was  empty,  but  most  of  the  terminal  branches  of  the  right  branch  of  the  artery 
were  blocked  with  small  blood  clots. 

Protocol  3. — Collie,  female;  weight  9.3  kilos. 

May  24,  1916.  The  right  femoral  vein  was  exposed  under  local  anesthesia 
with  sterile  technique.  Ten  emboli  of  paraffin,  varying  in  size  from  2.5  to  3.5 
cm.  long  and  0.5  cm.  in  diameter,  were  inserted  into  the  vein.  The  time  used 
in  putting  the  ten  emboli  into  the  circulation  was  10  minutes.  The  animal  showed 
no  symptoms  referable  to  the  emboli.  The  pulse  and  respiration  remained  nor- 
mal. The  animal  remained  in  good  condition  until  May  27,  when  it  developed 
a  marked  dyspnea  and  respiratory  grunt.     It  was  bled  to  death  under  ether. 

Autopsy  was  performed  immediately.  The  recent  femoral  wound  contained 
a  small  hematoma  but  was  not  infected.  The  lungs  contained  many  hemor- 
rhagic areas  of  infarction  measuring  0.5  to  2  cm.  in  diameter.  On  the  upper  an- 
terior surface  of  the  lower  right  lobe  was  a  small  area  of  marginal  emphysema. 
It  was  possible  to  palpate  the  .emboli  in  the  pulmonary  artery.  There  were  no 
emboli  in  the  heart.  It  was  impossible  to  identify  all  the  emboli  as  some  were 
broken  into  two  or  more  pieces.  The  right  branch  of  the  pulmonary  artery  was 
completely  blocked  with  the  exception  of  the  very  small  branches.  The  main 
branch  of  the  left  branch  of  the  artery  was  completely  blocked.  The  center 
of  each  lobe  of  both  lungs  was  necrotic. 

Protocol  4. — Young  mongrel,  male;  weight  9  kilos. 

December  14,  1915.  The  animal  was  etherized  and  the  right  femoral  vein 
exposed,  with  sterile  technique.  Four  emboli,  about  3  cm.  long  and  0.5  cm.  in 
diameter,  were  inserted  into  the  vein.  The  animal  recovered  quickly  from  the 
operation  and  has  been  in  excellent  health  up  to  the  present  time,  15  months 
after  operation. 

Protocol  5. — Old  bulldog,  male;  weight  8.15  kilos;  very  pugnacious. 

March  27,  1917.  The  animal  had  been  fasted  for  80  hours  previous  to  the 
beginning  of  the  experiment.  About  100  cc.  of  blood  were  removed  and  set 
aside  to  clot.  Under  local  anesthesia  the  right  femoral  vein  was  exposed  and 
clamped  with  a  blood  vessel  clamp.  After  the  vein  had  been  traumatized  with 
a  hemostat  some  of  the  animal's  own  blood  serum  containing  small  clots  was 
injected.  In  a  short  time  the  vessel  was  filled  with  clots.  The  animal  was  then 
exercised  for  5  minutes,  after  which  the  clamp  was  removed  from  the  vessel  and 
the  clots  were  swept  into  the  circulation.  The  respiration  and  pulse  did  not 
change.  The  process  was  repeated  with  the  left  external  jugular  vein.  These 
results  were  also  negative.  1  hour  later  the  animal  was  etherized  and  bled  to 
death. 

Autopsy  was  performed  immediately.  Many  of  the  terminal  arteries  in  every 
lobe  of  the  lungs  were  filled  with  clots.  It  was  estimated  that  about  half  of  the 
pulmonary  circulation  had  been  occluded. 

Figs.  5  and  6  are  kymograph  records  obtained  in  two  similar  experiments. 
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SUMMARY. 

Emboli  made  of  paraffin  and  the  animal's  own  blood  were  sent  into 
the  venous  circulation  of  dogs.  Death  did  not  occur  until  the  pul- 
monary circulation  was  practically  occluded.  The  results  were  the 
same  whether  the  blood  pressure  of  the  animal  was  normal  or  de- 
pressed by  ether  or  disease  and  whether  the  procedure  was  carried 
out  under  ether  or  local  anesthesia. 

EXPLANATION  OF  PLATES. 
Plate  35. 

Fig.  1.  Kymograph  record  of  blood  pressure  and  respiration  in  Protocol  1. 
Time  in  minutes  and  seconds.  Normal  blood  pressure  90  mm.  of  mercury. 
Note  the  drops  in  the  blood  pressure  as  the  emboli  pass  through  the  heart.  The 
break  in  the  record  covers  a  space  of  3  minutes.  Note  the  increase  in  respira- 
tory movements  as  the  blood  pressure  falls. 

Fig.  2.  Photograph  of  emboli  used  in  Protocol  1,  which  were  recovered  at 
autopsy.     Actual  size. 

Fig.  3.  Drawing  showing  the  pulmonary  artery  and  branches.  The  num- 
bers designate  the  positions  at  which  the  emboli  used  in  Protocol  1  lodged. 

Plate  36. 

Fig.  4.  Kymograph  record  of  blood  pressure  and  respiration  in  Protocol 
2.  Time  in  minutes  and  seconds.  Normal  blood  pressure  60  mm.  of  mercury. 
At  the  signals  the  clots  of  the  animal's  own  blood  were  allowed  to  enter  the  cir- 
culation. Death  was  due  to  a  large  clot  from  the  right  iliac  vein  which  com- 
pletely blocked  the  pulmonary  arterj'  (Signal  2). 

Fig.  5.  Kymograph  record  of  blood  pressure  and  respiration.  Time  in  min- 
utes and  seconds.  Normal  blood  pressure  100  mm.  of  mercury.  Each  signal 
marks  the  passage  of  an  embolus  of  a  blood  clot  of  the  animal's  own  blood  from 
either  the  left  jugular  or  the  right  iliac  veins.  The  clots  were  made  as  described 
in  the  text.  Note  the  drops  in  the  blood  pressure  after  the  entrance  of  each 
embolus.  The  break  in  the  record  covers  a  space  of  6  minutes.  At  autopsy  both 
branches  of  the  pulmonary  artery  were  found  to  be  blocked  with  the  clots 
formed  in  the  veins. 

Fig.  6.  Kymograph  record  of  blood  pressure  and  respiration.  Time  in  min- 
utes and  seconds.  Normal  blood  pressure  125  mm.  of  mercury.  The  vagi  were 
sectioned.  The  signals  mark  the  time  of  the  insertion  of  the  paraffin  emboli 
(4  by  0.5  cm.)  into  the  right  femoral  vein.  Note  that  the  emboli  cause  the  small 
drops  in  the  blood  pressure  even  after  section  of  the  vagi.  Death  was  not  pro- 
duced until  the  pulmonary  artery  and  right  ventricle  were  blocked. 
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(Mann:  Pulmonary  embolism.) 
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(Mann:  Pulmonary  embolism.) 


THE  VISCOUS  METAMORPHOSIS  OF  THE  BLOOD 
PLATELETS. 

By  J.  HOMER  WRIGHT,  M.D.,  and  GEORGE  R.  MINOT,  M.D. 
(From  the  Pathological  Laboratory  of  the  Massachusetts  General  Hospital,  Boston.) 

Plate  37. 

(Received  for  publication,  April  9,  1917.) 

The  phenomenon  of  agglutination  and  fusion  of  the  blood  plate- 
lets into  glassy  masses  and  strands,  as  observed  in  films  of  wet  blood 
between  a  slide  and  cover-glass,  was  first  described  by  Hayem  (1)  in 
1878.  Some  years  later,  it  was  more  exactly  described  by  Bizzo- 
zero  (2)  and  named  'Sascous  metamorphosis"  by  Eberth  and  Schim- 
melbusch  (3).  It  occurs  during  the  process  of  coagulation  and  is  well 
marked  at  the  time  of  the  first  appearance  of  the  fibrin  threads.  It 
does  not  take  place  if  sodium  oxalate  or  certain  other  salts  have 
been  added  to  the  blood  during  the  bleeding  in  sufficient  amount 
to  prevent  coagulation  and  if  other  conditions  are  favorable.  Mosen 
(4)  in  1893  was  the  first  to  show  that  platelets  from  such  a  non- 
coagulating  blood,  freed  from  blood  elements  by  centrifuging,  do  not 
fuse  with  one  another,  but  retain  their  separate  identity.  They  ap- 
pear when  in  suspension  in  isotonic  salt  solution  and  observed  with 
medium  powers  between  a  cover-glass  and  slide,  as  refringent,  glisten- 
ing granules  or  round  bodies  of  a  diameter  varying  approximately 
from  one-fourth  to  one-half  that  of  a  red  blood  corpuscle  (Fig.  1); 
they  are  not  clumped  but  uniformly  distributed  and  remain  so  until 
they  disintegrate.  We  have  found,  however,  that  such  platelets 
normally  have  not  lost  the  abihty  of  metamorphosis,  but  that  they 
undergo  the  characteristic  changes  within  a  few  minutes  if  serum  or 
certain  more  or  less  closely  related  substances  are  added  to  the 
suspension.  As  observed  under  the  conditions  just  mentioned,  the 
platelets  begin  their  metamorphosis  by  aggregating  and  agglutinat- 
ing in  masses  and  strands  which  increase  in  size  up  to  a  certain  point 
within  a  few  minutes.     Then  within  a  few  more  minutes,  the  plate- 
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lets  in  these  masses  and  strands  lose  their  high  refrangibility,  seem 
to  fuse  one  with  another,  and  their  separate  identity  becomes  lost 
or  obscure.  The  masses  and  strands  assume  there]>y  the  appear- 
ance of  a  more  or  less  homogeneous,  glassy,  refringent  substance  in 
which  refringent  granules  are  usually  present.  During  this  trans- 
formation or  viscous  metamorphosis  some  contraction  of  the  volume 
of  the  masses  and  strands  may  occur  and  by  this  contraction  in 
volume,  bands  and  strings  of  hyaline  material  may  be  produced, 
which  unite  masses  of  platelets  in  the  process  of  transformation  or 
already  transformed.  The  peripheral  or  marginal  portions  of  the 
masses  and  strands  are  usually  more  hyaline  than  the  central  parts 
and  the  marginal  outlines  are  finely  wavy  and  denticulate. 

This  metamorphosis  of  the  isolated  platelets  in  the  presence  of 
serum  has  been  briefly  described  in  recent  papers  by  Lee  and  Robert- 
son (5)  and  by  Minot  and  Lee  (6)  in  which  also  some  results  of 
experiments  with  other  substances  are  noted.  The  present  paper  is 
based  on  further  experiments  on  this  line  in  the  endeavor  to  determine 
the  nature  of  the  substance  in  the  serum  which  causes  or  permits  the 
metamorphosis  to  take  place. 

It  should  be  noted  that  this  metamorphosis  is  to  be  distinguished 
from  simple  agglutination  of  platelets  without  fusion.  Which  may 
be  caused  by  certain  substances.  The  microscopic  appearances  of  a 
weak  simple  agglutination  are  shown  in  Fig.  2.  Here  the  aggluti- 
nated platelets  retain  their  separate  identity. 

Figs.  3,  4,  and  5  show  the  appearances  of  suspensions  of  platelets 
similar  to  that  shown  in  Fig.  1 ;  the  suspensions  have  undergone  the 
viscous  metamorphosis. 

Lee  and  Robertson  (5)  have  shown,  and  it  may  be  emphasized 
here,  that  this  phenomenon  of  agglutination  and  fusion  of  platelets 
associated  with  coagulation  is  to  be  distinguished  from  agglutination 
and  lysis  of  platelets  caused  by  antiplatelet  serum. 

The  phenomenon  seems  to  begin  when  the  first  signs  of  clotting 
are  seen  and  is  thus  perhaps  the  first  demonstrable  sign  of  the  clotting 
process.  This  has  been  our  experience  with  not  only  normal  blood, 
but  blood  with  delayed  coagulation  time,  as  from  cases  of  hemo- 
philia, pneumonia,  and  jaundice,  no  matter  whether  observed  in  whole 
blood  in  glass  tubes,  or  from  cloudy  plasma  (plasma  relatively  rich 
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in  platelets)  obtained  from  centrifugalized  whole  blood  in  iced 
paraffined  tubes.  In  the  abnormally  slow  coagulating  cloudy  plasma 
one  may  observe  that  clotting  begins  near  the  edge  of  the  tube  and 
microscopic  preparations  from  tliis  portion  of  the  plasma  will  show 
the  fusion  of  the  platelets,  while  material  obtained  at  the  same  time 
from  the  still  fluid  portion  will  show  the  platelets  free. 

Method. 

•  Rabbit  and  human  platelets  were  used.  The  blood  was  drawn 
from  the  rabbit's  ventricle  or  from  the  veins  of  man  by  means 
of  a  needle  and  syringe.  Before  drawing  the  blood,  a  sufficient 
quantity  of  freshly  prepared  1  per  cent  solution  of  sodium  oxalate 
in  0.9  per  cent  sodium  chloride  solution  was  placed  in  the  barrel  of 
the  syringe  to  constitute  at  least  one  part  to  nine  parts  of  blood. 
Sometimes  the  needle  and  barrel  of  the  syringe  were  coated  with 
paraffin.  In  order  to  obtain  platelets  that  are  unaltered  and  suit- 
able for  stud}dng  the  viscous  metamorphosis,  it  is  important  that  the 
needle  enter  the  ventricle  or  the  vein  at  the  first  thrust  so  as  to  avoid 
contamination  with  the  tissue  juice  as  much  as  possible,  and  that  the 
blood  should  flow  quickly  and  freely  into  the  syringe  and  be  rapidly 
mixed  with  the  oxalate  solution.  If  these  conditions  are  not  ob- 
served, the  platelets  are  likely  to  undergo  more  or  less  fusion  before 
isolation  or  to  be  otherwise  altered  so  that  they  will  not  undergo  the 
characteristic  metamorphosis.  SUght  alteration  in  them,  inappreci- 
able in  any  change  in  microscopic  appearance  and  often  impossible 
to  control,  seems  to  render  them  incapable  of  undergoing  the  changes. 
Many  times  we  have  isolated  platelets  in  apparently  intact  and 
unaltered  condition  which  showed  themselves  but  feebly  active  or 
inert. 

On  the  other  hand,  platelets  may  be  quite  grossly  altered  without 
essentially  affecting  their  activity  as  cytozyme  (Bordet  and  Delange 
(7)  )  or  as  thromboplastin  (Howell  (8) ).  Even  after  they  have  under- 
gone their  metamorphosis  we  have  found  them  capable  of  acting 
efficiently  as  factors  in  coagulation  of  the  blood. 

The  platelets  were  separated  from  the  other  elements  of  the  blood 
by  centrifuging  at  low  and  high  speeds,  and  were  at  least  twice  sus- 
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pendcd  and  thrown  down  in  0.9  per  cent  sodium  chloride  solution. 
Unaltered  platelets,  thus  isolated  and  washed,  fomi  a  white,  semi- 
fluid, somewhat  sticky  sediment  at  the  bottom  of  the  centrifuge  tube 
and  they  are  readily  miscible  with  salt  solution  by  agitation  with  the 
pipette.  If  the  sediment  of  the  platelets  forms  an  elastic  coherent 
mass  or  masses,  some  metamorphosis  has  already  occurred  and  such 
platelets  are  not  suitable  for  use. 

The  isolated  platelets  in  salt  solution  retain  their  ability  to  undergo 
the  metamorphosis  for  a  period  varying  from  usually  a  few  hours  to 
rarely  2  or  3  days.     This  ability  seemed  to  be  retained  longer  at ' 
room  temperature  than  in  the  ice  box  or  incubator,  and  also  if  a  very 
small  amount  of  oxalate  had  been  added  to  the  salt  solution. 

The  blood  elements  used  in  studying  this  phenomenon  of  aggluti- 
nation and  fusion  of  the  blood  platelets  were  usually  obtained  from 
rabbits.  Most  of  the  experiments  were  also  done  with  human  ma- 
terial. No  differences  in  the  results  were  noted  when  the  plate- 
lets came  from  man  or  rabbit  and  the  various  other  substances  came 
from  the  same  animal  or  a  different  animal  of  the  same  or  different 
species.  It  was  found  rather  more  difficult  to  obtain  suitable  plate- 
lets from  the  arm  veins  of  normal  men  than  from  the  hearts  of  normal 
rabbits. 

In  testing  the  effect  of  the  various  fluids  and  solutions  on  the 
isolated  platelets  a  thick  suspension  in  0.^  per  cent  sodium  chloride 
solution  was  found  best  to  use.  This  was  prepared  usually  by  mix- 
ing the  sediment  of  platelets  at  the  bottom  of  the  centrifuge  tube 
with  three  or  four  drops  of  the  solution.  It  was  found  important  that 
the  platelets  should  be  well  mixed  with  this  salt  solution  so  as  to  be 
separated  from  one  another  and  that  they  should  be  used  in  a  very 
thick  suspension  as  described.  A  very  thin  suspension  of  platelets 
was  found  undesirable  for  it  seemed  possible  for  the  platelets  to 
go  through  their  metamorphosis  in  but  tiny  clumps  or  singly,  so 
that  the  phenomenon  was  not  clearly  observable.  Again,  very  com- 
pact masses  of  platelets  were  not  used  both  on  account  of  a  possi- 
bility of  an  excess  of  platelets  altering  the  results  and  also  because  the 
substance  affecting  the  platelets  may  not  penetrate  to  the  center 
of  the  mass  so  that  the  metamorphosis  will  be  observed  only  about 
the  edge  of  the  mass. 
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After  a  satisfactory  suspension  of  blood  platelets  was  obtained  the 
action  of  various  substances  upon  them  was  observed  by  mixing 
from  one  to  three  small  drops  of  the  materials  in  question  with  a 
very  small  drop  (obtained  from  capillary  glass  tubing)  of  the  very 
thick  platelet  suspension  on  a  glass  slide,  covering  with  a  cover-glass, 
and  observing  microscopically. 

Efect  of  Serum,  Thrombin,  Calcium,  and  Antithromhin  and 
Thromboplastin . 

Serum  was  capable  of  producing  well  marked  metamorphosis  of 
the  platelets  usually  in  2  to  7  minutes.  Sometimes  the  change  did 
not  occur  until  after  longer  periods,  up  to  20  minutes  or  more.  The 
time  required  varied  both  with  different  lots  of  platelets  and  with 
different  sera.  It  was  not  clearly  dependent  on  the  age  of  the  serum, 
although  it  may  be  said  that  sera  a  few  hours  old  often  seemed  more 
effective  than  when  very  fresh,  or  sera  10  or  more  hours  old.^ 

This  power  of  serum  was  found  present  on  some  occasions  in  dilu- 
tions (made  with  0.9  per  cent  salt  solution)  of  1 :  10,  on  other  occasions 
in  dilutions  as  high  as  1:50.  The  greater  the  dilution  the  longer  it 
took  for  the  metamorphosis  to  occur.  When  calcium  was  added 
to  the  serum  dilutions  so  that  they  contained  0.05  per  cent  calcium 
chloride  it  accelerated  the  metamorphosis  and  caused  it  to  appear  with 
those  dilutions  in  which  only  slight  agglutination  had  occurred.  It  is 
to  be  noted  that  with  the  higher  dilutions  that  caused  metamorphosis 
relatively  fewer  platelets  seemed  to  be  transformed  than  with  the 
lower  dilutions,  suggesting  a  quantitative  action  of  the  substance 
that  metamorphoses  platelets. 

Table  I  is  a  typical  protocol  showing  the  effect  of  dilution  of  serum 
with  and  without  calcium. 

With  serum  this  phenomenon  can  be  demonstrated  macroscopically. 
If  several  small  drops  of  a  thick  platelet  suspension  are  added  to 
1  cc.  of  serum  they  will  be  at  first  evenly  distributed  through  the 
serum  gi\'ing  it  a  cloudy  appearance.  When  the  metamorphosis  has 
occurred  they  will  be  found  clumped  in  the  bottom  of  the  tube  &,nd 

•  Rarely  a  serum  produced  no  effect. 
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TABLE    I. 


Serum  dilution  with 

0.9  per  cent 

sodium  chloride 

solution. 

One  drop  of  0,9  per  cent  sodium 
chloride  solution. 

One  drop  of  0.5  per  cent  calcium  chloride 

solution  in  0.9  per  cent  sodium 

chloride  solution. 

min. 

min. 

0 

F* 

2 

F 

2 

6 

F 

5 

F 

2 

15 

F 

8 

F 

4 

25 

F 

13 

F 

6 

40 

F 

20 

F 

12 

60 

A 

15 

F 

18 

80 

A? 

20+ 

F 

20 

100 

0 

F 

25 

120 

0 

A 

20 

150 

0 

A? 

25 

200 

0 

0 

*The  figures  in  the  table  give  the  time  in  minutes  for  definite  fusion  (F)  (vis- 
cous metamorphosis)  or  slight  agglutination  (A)  of  the  platelets  to  take  place 
under  the  given  conditions. 

upon  shaking  the  tube  the  platelets  will  be  seen  to  appear  as  small 
granular  masses  in  a  clear  serum. 

When  platelets  were  treated  with  distilled  water  some  portion  of 
them  went  into  solution  and  they  lost  their  glistening  appearance. 
Such  a  solution  has  definite  thromboplastic  (cytozymic)  action  in 
contrast  to  salt  solution  in  which  platelets  have  stood  and  been  re- 
moved. The  remaining  shells  of  the  platelets  found  after  the  plate- 
lets had  been  exposed  to  water  were  slightly  clumped  by  serum,  but 
a  true  metamorphosis  did  not  take  place. 

Serum  heated  to  56°C.  for  half  an  hour  or  serum  heated  up  to  60°C., 
at  which  temperatures  thrombin  is  destroyed,  caused  no  metamorpho- 
sis of  platelets  but  did  permit  an  agglutination  of  the  platelets, 
and  on  some  occasions  seemed  to  allow  a  very  slight  lysis  of  the 
platelets.  Platelets  so  treated,  however,  could  still  be  metamor- 
phosed by  unheated  sertmi,  though  possibly  not  so  actively  as  when 
added  directly  to  serum.  This  heated  serum  contained,  as  far  as 
elements  of  coagulation  are  concerned,  essentially  only  antithrombin 
and  calcium. 

From  the  above  experiments  we  were  inclined  to  beheve  that  the 
\iscous  metamorphosis  of  platelets  was  due  essentially  to  thrombin 
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aided  by  calcium.  This,  however,  does  not  seem  to  be  true,  not  only 
because  of  the  results  with  "serozyme"  (7),  egg  white,  etc.,  described 
later,  but  also  because  repeatedly  solutions  of  very  active  pure  crystal- 
hzed  thrombin,  prepared  by  Howell's  method  (9),  did  not  produce 
metamorphosis  of  the  platelets;  although  a  shght  slow  clumping 
sometimes  occurred  there  was  never  any  fusion.  *  If,  however,  cal- 
cium was  added  to  the  pure  thrombin  solution  the  platelets  were  often 
quite  rapidly  agglutinated  into  Uttle  ball-Hke  masses  but  there  was 
no  metamorphosis. 

Centrifuged,  clear,  oxalated  plasma  heated  to  60°C.  contains  and- 
thrombin  but  essentially  no  other  coagulating  element.  Such  anti- 
thrombin  produced  usually  a  very  slight  agglutination  but  no  meta- 
morphosis of  the  platelets.  If,  however,  calcium  was  added,  an  ag- 
glutination, and  possibly  on  some  occasions,  shght  lysis  occurred 
exactly  as  occurred  but  to  a  greater  degree  with  the  heated  serum 
which  contained  the  same  two  elements,  antithrombin  and  calcium. 
When  thrombin  and  antithrombin  were  mixed  and  allowed  to  stand 
1  minute  or  1  hour,  the  effect  of  the  mixture  on  the  platelets  was  the 
same  as  with  thrombin  or  antithrombin  alone.  Antithrombin  incu- 
bated wdth  serum  for  a  longer  or  shorter  period  did  not  have  any 
definite  effect  on  the  abihty  of  the  serum  to  metamorphose  platelets. 

When  pure  thrombin  and  antithrombin  from  serum  heated  to 
60°  C.  were  mixed  for  1  minute  or  1  hour  and  calcium  was  added 
before  or  after  the  substances  had  remained  in  contact,  the  action 
of  the  mixture  on  the  platelets  was  the  same.  Such  a  mixture  pro- 
duced a  marked  clumping  of  the  platelets,  faster  and  more  marked 
than  with  thrombin  and  calcium  or  antithrombin  and  calcium.  Oc- 
casionally this  mixture  also  slowly  caused  a  true  metamorphosis  of 
the  platelets.  Usually  this  was  found  not  to  be  the  case,  but  rather 
that  besides  the  agglutination,  a  pseudo-  or  abortive  metamorphosis 
occurred.  This  pseudo-  or  abortive  metamorphosis  consisted  simply 
of  a  very  marked  agglutination  with  apparently  a  shght  lysis  of  the 
platelets.  On  staining  with  Wright's  blood  stain  the  individual  plate- 
lets in  these  masses  were  distinct  and  fairly  sharply  outlined  and  did 
not  tend  to  form  a  homogeneous  fused  mass  as  was  seen  when  true 
viscous  metamorphosis  occurred.  Platelets  so  altered  or  platelets 
simply  agglutinated  by  antithrombin  and  calcium  or  thrombin  and 
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calcium  were  still  capable  of  being  metamorphosed  with  serum,  but 
apparently  not  quite  so  effectively  as  unaltered  platelets.  This  indi- 
cates that  the  process  of  agglutination  of  the  platelets  is  to  be  dis- 
tinguished from  the  viscous  metamorphosis,  though  agglutination 
of  some  type  is  an  integral  part  of  the  Niscous  phenomenon. 

When  mixtures  of  pure  thrombin  and  calcium  with  antithrombin 
from  oxalated  plasma  rather  than  from  serum  were  mixed  with  plate- 
lets we  never  observed  a  true  metamorphosis.  Such  a  mixture  did 
allow  definite  agglutination  and  at  times  a  weak  pseudo-  or  abortive 
metamorphosis. 

Thromboplastin  in  various  forms  (fresh  tissue  juice,  cephalin,  or 
coagulen-)  did  not  apparently  influence  the  platelets  either  alone  or 
when  added  in  reasonable  amount  to  any  of  the  various  substances  or 
mixtures  in  the  experiments  outlined  above  or  below. 

Effect  of  Serozyme,  Oxalated  Plasma  Plus  Thrombin,  and  Fibrinogen. 

Oxalated  plasma  whether  dialyzed  or  not  had,  of  course,  no  ejffect 
on  the  platelets,  and  when  oxalate  was  added  to  any  of  the  substances 
referred  to  above  or  below,  it  either  prevented  or  weakened  (if  rela- 
tively little  was  added)  their  action  on  platelets.  When  the  amount 
of  calcium  that  clotted  most  quickly  a  given  oxalated  plasma  was 
mixed  with  it  and  platelets  were  added  at  once  to  the  mixture,  which 
Avas  then  observ^ed  under  the  microscope,  the  platelets  were  seen  to 
undergo  their  typical  transformation.  They  began  to  do  so  as  the 
first  signs  of  coagulation  appeared.  In  such  a  mixture,  however,  they 
completed  their  metamorphosis  more  slowly  than  under  more  favor- 
able conditions.  This  we  attributed  to  the  presence  of  oxalate,  for 
when  a  plasma  had  been  dialyzed  to  remove  the  excess  of  oxalate, 
and  calcium  was  then  added  to  it  with  platelets,  the  latter  elements 
underwent  their  metamorphosis  more  rapidly  than  when  the  con- 
trol undialyzed  oxalated  plasma  was  used.  This  was  true  whether 
fresh  plasma  or  dried  plasma  a  year  old,  but  freshly  dissolved,  was 
used. 

The  fluid  resulting  from  the  defibrination  of  a  clot,  formed  with 
oxalated  plasma  and  an  optimal  amount  of  calcium,  is  called  by 

^  Commercial  preparation  made  by  ihe  Society  of  Chemical  Industry,  Basle, 
Switzerland. 
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Bordet  and  Delange  (7)  "serozyme."  When  this  is  freshly  prepared 
it  often  contains  free  thrombin.  On  standing  some  of  the  thrombin 
seems  to  combine  with  antithrombin  and  other  portions  of  the 
thrombin  become  perhaps  altered  in  some  manner  so  that  free  throm- 
bin cannot  be  demonstrated.  A  good  serozyme,  i.e.,  one  without 
free  thrombin,  as  e\'idenced  by  its  inability  to  clot  fibrinogen  in  24 
hours,  is  to  be  obtained  from  a  very  clear  rather  than  a  cloudy  plasma. 
Seroz>'me  and  cytozyme  (tissue  juice,  thromboplastic  substance)  and 
calcium  form  thrombin  in  Bordet  and  Delange 's  terminology  as  is 
shown  by  the  fact  that  after  this  mixture  has  stood  for  about  6  min- 
utes it  clots  fibrinogen  in  1  to  2  minutes,  while  suitable  controls 
form  no  thrombin.  Serozyme  was  found  to  be  usually  as  active  in 
causing  the  metamorphosis  of  platelets  as  serum,  and  its  activity  in- 
creased if  a  mere  trace  of  calcium  was  added  to  it.  It  seemed  to 
make  Httle  difference  whether  the  serozyme  contained  free  thrombin 
or  not.  Though  rather  definite  in  some  instances  but  not  in  all,  a 
serozyme  containing  free  thrombin,  prepared  from  cloudy  plasma, 
seemed  to  be  not  quite  so  active  in  causing  the  platelet  metamor- 
phosis as  a  serozyme  that  had  no  free  thrombin.  This  would  sug- 
gest that  the  substance  causing  platelet  metamorphosis  had  been 
partly  used  up  in  transforming  the  platelets  in  the  cloudy  plasma. 

The  following  observ'ations  on  the  action  of  a  mixture  of  Howell's 
pure  thrombin  and  oxalated  plasma  were  made.  When  these  two 
substances,  which  form  a  clot  in  about  3  minutes,  were  mixed,  and 
platelets  added  at  once,  the  typical  viscous  metamorphosis  of  the 
platelets  occurred  usually  in  2  to  3  minutes,  provided  apparently 
that  the  oxalated  plasma  was  not  oxalated  to  contain  above  about 
0.1  per  cent  of  oxalate.  On  some  occasions,  usually  if  the  oxalation 
was  excessive,  only  a  rather  marked  agglutination  or  pseudometa- 
morphosis  of  the  platelets  occurred  about  the  fibrin  strands,  which 
suggests,  as  do  the  experiments  with  the  mixture  of  thrombin,  serum 
antithrombin,  and  calcium,  that  this  phenomenon  is  an  abortive  type 
of  true  metamorphosis. 

When  thrombin  and  dialyzed  oxalated  plasma  were  used  the 
platelets  were  always  metamorphosed. 

We  may  note  that  presumably  all  the  substances  mentioned  be- 
fore which  produced  this  change  in  the  platelets  contained  at  least 
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traces  of  ionized  calcium.  Perhaps,  with  the  rearrangement  of  the 
colloidal  substances  which  occurs  when  thrombin  clots  the  fibrinogen 
of  the  oxakted  plasma,  some  calcium  is  temporarily  set  free.  That 
some  substance,  as  well  as  possibly  calcium,  is  set  free  in  this  reaction 
which  metamorphoses  the  platelets,  is  suggested  by  the  above  ex- 
periments, and  that  this  substance  then  rapidly  becomes  relatively 
inactive  is  suggested  by  the  following  observations. 

The  fluid  resulting  from  the  complete  clotting  of  oxalated  plasma 
with  thrombin  seldom  permitted  the  viscous  metamorphosis  of  the 
platelets;  sometimes  a  very  slow  and  poor  but  true  transformation 
occurred.  This  result  was  probably  due  to  the  oxalate,  because  the 
fluid  resulting  Irom  thrombin  and  dialyzed  plasma  did  permit, 
though  always  slowly  (20  minutes)  the  transformation  of  the  plate- 
lets. Such  delayed  reactions  are  in  contrast  to  the  relatively  rapid 
effect  on  platelets  during  the  clotting  of  plasma  with  thrombin. 
If,  however,  calcium  was  added  to  either  of  the  fluids  resulting  from 
clotting  dialyzed  or  undialyzed  oxalated  plasma  with  thrombin, 
they  then  not  only  always  permitted  a  metamorphosis  of  the  plate- 
lets, but  also  a  rapid  one  (5  minutes).  This  may  have  been  partially 
due  to  the  effect  of  calcium  on  the  oxalate,  besides  its  evident  accel- 
erating action,  as  well  as  perhaps  to  some  change  that  occurred  in 
these  fluids  when  the  calcium  acted  on  the  prothrombin  present  in 
them.  That  these  fluids  contained  prothrombin  is  evident,  because 
this  substance  was  in  the  oxalated  plasma  and  there  had  been  no 
calcium  added  to  transform  it  to  thrombin. 

Magnesium  sulfate  plasma  and  thrombin  acted  essentially  like 
oxalated  plasma  and  thrombin. 

Solutions  of  fibrinogen,  prepared  according  to  a  modification  of 
Hammarsten's  method,  were  found  to  have  no  effect  on  the  platelets. 
These  fibrinogen  solutions  unfortunately  were  not  absolutely  free  of 
prothrombin,  but  contained  enough  to  clot  in  3  hours  with  the 
optimal  amount  of  calcium.  The  results  of  experiments  with  throm- 
bin and  this  fibrinogen  were  essentially  like  those  with  thrombin  and 
dialyzed  plasma,  except  that  the  metamorphosis  of  the  platelets  w^as 
never  marked  even  when  calcium  was  added  to  the  serum  from  the 
coagulation  of  this  fibrinogen  by  thrombin.  It  would  seem  that, 
during  the  process  of  clotting  fibrinogen  there  occurred,  with  the 
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rearrangement  of  the  colloidal  particles,  a  setting  free  of  some  sub- 
stance allied  to  serozyme  wliich  was  very  active  on  the  platelets,  and, 
with  the  completion  of  such  coagulation,  relatively  little  sulistance 
was  left  free,  though  addition  of  calcium,  perhaps  by  its  property  of 
aggregating  colloidal  particles,  would  permit  the  substance  causing 
platelet  metamorphosis  to  become  more  active. 

Absorption  from  Serum  of  the  Substance  Causing  Metamorphosis. 

Experiments  were  conducted  to  determine  whether  one  could 
absorb  from  serum  the  substance  that  transforms  platelets.  Barium 
sulfate  absorbs  serozyme-like  substances  as  shown  by  Bordet  and 
Delange  and  Lee  and  Vincent  (10),  but  it  does  not  seem  to  afifect 
formed  thrombin  in  Bordet  and  Delange 's  sense.  We  found  that 
when  1  cc.  of  serum  was  treated  with  0.4  cc.  of  washed  barium  sul- 
fate for  2  hours  and  then  centrifuged  clear,  that  the  serum  had  lost 
its  power  of  metamorphosing  platelets  even  after  calcium  was  added. 

The  effects  of  adding  large  amounts  of  cephalin  to  serum  were  next 
studied.  A  relatively  large  amount  of  cephalin  in  soHd  form  was 
added  to  serum  so  that  some  of  it  dissolved  in  the  serum.  When 
this  mixture  was  then  centrifuged,  so  that  the  resulting  fluid  was 
clear,  it  was  found  to  have  lost  its  ability  to  metamorphose  platelets, 
though  sera  so  treated  were  able  to  clot  fibrinogen.  When  calciimi 
was  added  to  such  serum  it  did  not  restore  the  ability  to  meta- 
morphose platelets.  This  effect  of  cephalin  was  obtained  in  but  a 
third  of  the  numerous  times  it  was  tried  on  6  different  days.  It 
seemed  that  if  the  sera  could  be  centrifuged  so  that  they  were  clear 
after  treatment  with  cephalin,  this  substance  was  much  more  apt 
to  be  effective  than  if  the  centrifuged  sera  remained  at  all  cloudy. 
Sera,  when  somewhat  diluted  with  salt  solution  to  which  thick 
suspensions  of  platelets  were  added  and  then  centrifuged  clear  after 
the  platelets  were  fully  agglutinated  and  fused,  sometimes  lost  their 
ability  to  further  metamorphose  platelets,  as  was  the  case  with  sera 
treated  with  cephalin.  Undiluted  sera  could  not  be  aft'ected  in  this 
way,  probably  because  too  few  platelets  were  added.  Similar  results 
were  obtained  upon  treating  sera  with  cholesterolized  syphihtic  anti- 
gen as  with  cephaHn  and  platelets.  We  have  found  no  explanation 
for  these  inconstant  results. 
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It  was  thought  that  the  power  of  syphilitic  serum  to  metamor- 
phose platelets  might  be  more  easily  exhausted  with  syphilitic  antigen 
than  normal  serum,  in  view  of  the  inhibitory  effect  of  syphilitic 
serum  in  Bordet  and  Delange's  method  of  forming  thrombin  as 
shown  by  Hirschf eld  and  KUnger  (11).  No  such  difference,  however, 
could  be  detected. 

Starches  of  various  kinds,  agar,  gelatin,  gold  chloride,  cholesterol, 
and  chloroform  in  various  strengths,  and  various  other  substances 
did  not,  after  being  mixed  with  serum  for  2  hours,  alter  its  abihty 
to  produce  this  metamorphosis.  Neither  did  these  substances  alone 
metamorphose  the  platelets. 

Ability  of  Serum  Globulin  and  Egg  White  to  Metamorphose  Platelets. 

In  order  to  determine  whether  the  power  of  serum  to  metamor- 
phose platelets  resided  in  the  globuHn  or  albumin  fraction,  the  fol- 
lowing experiment  was  made.  Serum  was  dialyzed  against  distilled 
water.  When  a  small  amount  of  precipitate  had  appeared  at  the 
bottom  of  the  dialysis  sac,  the  serum  was  still  active.  Later,  when 
a  considerable  amount  of  precipitate  occurred  in  the  dialysis  sac, 
the  fluid  with  or  without  calcium  was  inactive  on  the  platelets.  The 
dialysate  was  also  inactive.  The  precipitated  globuHn,  when  re- 
dissolved  in  salt  solution  with  the  aid  of  a  trace  of  dilute  alkali, 
which  of  itself  did  not  affect  the  platelets,  caused  a  feeble  metamor- 
phosis of  the  platelets.  However,  when  calcium  was  added  to  this 
solution  a  definite  active  metamorphosis  of  the  platelets  was  produced 
with  it. 

Egg  white  alone  or  shaken  with  isotonic  salt  solution  had  a  marked 
effect  on  the  platelets.  It  caused  them  to  be  rapidly  metamorphosed 
and  often  seemed  to  act  more  efficiently  than  serum.  This  result 
suggested  that  egg  white  contains  a  serozyme-like  element.  Experi- 
ments showed  this  to  be  the  case,  for  it  was  found  that  it  could  take 
the  place  of  seroz^Tne  in  the  formation  of  thrombin  by  the  method  of 
Bordet  and  Delange.  Hirschf  eld  and  KHnger  (12)  have  recently 
also  detected  a  seroz>Tne-Hke  action  of  egg  white.  Egg  white  alone 
apparently  does  not  clot  fibrinogen  and  therefore  does  not  contain 
formed  thrombin. 
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Numerous  pure  proteins,^  lactalbumin,  gliadin,  legumin,  vignin, 
edestin,  and  cottonseed  globulin,  and  also  milk  with  or  without 
calcium  had  no  effect  on  the  platelets. 

Metamorphosis  of  Platelets  from  Abnormal  Bloods. 

The  platelets  from  cases  of  hemophilia,  pneumonia,  purpura 
haemorrhagica,  purpura  rheumatica,  and  obstructive  jaundice  were 
transformed  by  either  their  serum  or  normal  serum  in  the  same  way 
and  essentially  in  the  same  time  as  normal  platelets.  In  this  con- 
nection it  is  to  be  noted  that  hemophilic  platelets  are,  however,  de- 
fective in  their  cytozymic  action  and  that  they  do  not  begin  to  fuse 
until  the  blood  shows  visible  signs  of  clotting,  as  has  been  shown  by 
Minot  and  Lee  (6).  On  this  account  the  metamorphosis  of  hemophilic 
platelets  and  normal  platelets  was  studied  with  those  substances 
causing  metamorphosis  of  normal  platelets,  derived  from  normal  and 
hemophilic  blood,  but  no  real  dififerences  in  the  character  or  rate  of 
metamorphosis  could  be  detected. 

SUMMARY   AND   CONCLUSIONS. 

From  the  experiments  above  described  it  is  evident  that  the  viscous 
metamorphosis  of  the  blood  platelets  in  shed  blood  is  intimately 
associated  with  the  early  stages  of  coagulation  and  that  the  pres- 
ence of  calcium  is  a  very  important  element,  though  perhaps  not  ab- 
solutely necessary.  No  constant  differences  in  this  phenomenon  could 
be  detected  with  platelets  or  coagulating  elements  from  the  blood  of 
normal  or  diseased  individuals  or  from  man  or  rabbits. 

All  the  substances,  with  the  exception  of  egg  white,  causing  this 
phenomenon  were  derived  from  the  blood  either  during  the  alteration 
of  fibrinogen  or  after  it  had  been  acted  on  by  thrombin.  It  seems 
that  the  substances  or  mixtures  capable  of  producing  the  metamor- 
phosis are  especially  those  associated  with  the  early  stages  of  coagula- 
tion or  capable  in  the  test-tube  of  forming  or  liberating  that  active 
coagulating  element  known  as  thrombin. 

The  substance  in  serum  that  is  capable  of  metamorphosing  plate- 
lets seems  to  be  attached  to  the  globuhn  fraction   rather    than    the 

^  These  proteins  were  kindly  furnished  by  Dr.  W.  Denis. 
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albumin  fraction  and  is  destroyed  by  heat  at  temperatures  which 
destroy  prothrombin,  thrombin,  and  serozyme,  and  precipitate 
fibrinogen. 

The  reaction  is  not  caused  by  pure  thrombin  or  a  mixture  of  pure 
thrombin  and  calcium,  though  substances  causing  the  metamor- 
phosis are  intimately  related  to  thrombin.  The  metamorphosis 
seems  to  be  caused  by  serozyme-Hke  substances  as  shown  both  by  the 
fact  that  barium  sulfate  absorbs  the  power  of  serum  to  cause  the  re- 
action and  that  a  serozyme-like  substance  is  probably  to  be  recog- 
nized in  all  the  substances  or  mixtures,  including  egg  white,  causing 
this  change  in  the  platelets,  except  perhaps  when  thrombin  and 
fibrinogen  are  reacting.  It  is  to  be  noted  that  in  serozyme  are  con- 
tained antithrombin,  calcium,  and  potential  thrombin,  and  that  a 
combination  of  these  isolated  factors  mixed  together  occasionally 
allowed  the  \'iscous  metamorphosis  to  occur  and  not  infrequently  an 
abortive  metamorphosis. 

The  pseudo-  or  abortive  metamorphosis  caused  by  the  mixture  of 
pure  thrombin,  antithrombin,  and  calcium  may  be  interpreted  on  the 
supposition  of  a  close  approximation  but  not  a  real  reproduction 
of  the  colloidal  state  known  as  serozyme.  That  such  a  reaction  is 
related  to  real  viscous  metamorphosis  is  suggested,  because  it  some- 
times occurred  with  the  above  mixture  and  when  thrombin  and  heavily 
oxalated  plasmas  were  reacting,  rather  than  a  real  metamorphosis. 

Simple  agglutination  of  the  platelets  may  occur  independently 
of  a  \'iscous  metamorphosis,  though  an  agglutination  of  platelets  is 
to  be  considered  an  integral  part  of  the  viscous  metamorphosis 
phenomenon. 

The  inconstant  results  seen  with  the  cephalin-treated  sera  are 
probably  due  to  the  fact  that  exactly  the  same  mixtures  were  not 
obtained.  The  results  with  cephaHn-soaked  and  platelet-soaked 
sera  and  with  dilutions  of  sera  suggest  that  the  reaction  of  viscous 
metamorphosis  of  the  platelets  is  quantitative. 
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EXPLANATION   OF   PLATE  37." 

Fig.  1.     Suspension  of  blood  platelets  in  isotonic  salt  solution.     X  300. 

Fig.  2.  Simple,  weak  agglutination  of  platelets.  There  are  fewer  plate- 
lets in  this  preparation  than  in  those  shown  in  the  other  figures.     X  300. 

Figs.  3,  4,  and  5.  Viscous  metamorphosis  of  platelets.  Essentially  the  same 
number  of  platelets  was  in  these  preparations  as  in  the  preparation  shown  in 
Fig.  1.     X  300. 

"  The  photographs  were  made  by  Mr.  L.  S.  Brown. 
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(Wright  and  Minot:  Viscous  metamorphosis  of  blood  platelets.) 
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Since  anaphylaxis  has  now  been  clearly  recognized  as  a  phenomenon 
which  depends  upon  an  antigen-antibody  reaction,  it  follows  natur- 
ally that  the  fundamental  principles  underlying  these  manifestations 
should  apply,  subject  perhaps  to  indi\adual  modifying  factors,  to  all 
substances  which  on  injection  into  the  animal  body  induce  specific 
antibody  formation.  By  far  the  greater  volume  of  work  on  anaphy- 
laxis has  been  carried  out  with  antigens  consisting  of  animal  sera, 
egg  white,  and  other  freely  suspended  proteins  not  enclosed  in  cells. 
And  in  the  case  of  such  serum  anaphylaxis  it  has  been  possible  to 
go  far  in  the  analysis  of  the  mechanism  of  the  phenomenon  and  its 
appKcation  to  such  practical  problems  as  serum  sickness  and  other 
clinical  conditions  referable  to  abnormal  protein  metabolism. 

There  has  been  relatively  less  progress,  however,  in  the  study  of  the 
hypersusceptibility  incident  to  the  treatment  of  animals  with  cellu- 
lar antigens;  that  is,  with  bacteria,  erythrocytes,  and  other  cells. 
And  yet  these  phenomena  in  the  case  of  bacteria  may  reasonably  be 
assumed  to  play  an  important  part  in  the  symptomatology  and  pa- 
thology of  infectious  diseases  where  there  is  a  continuous  liberation 
of  fluctuating  amounts  of  specific  antigen  in  a  body  at  first  perhaps 
unsensitized,  but  later  increasingly  hypersusceptible,  and  perhaps 
repeatedly  sensitized  and  desensitized  during  the  course  of  the  dis- 
ease. Of  these  conditions  we  know  very  little,  and  correspondingly 
much  speculation  and  reasoning  from  the  analogies  of  serum  ana- 
phylaxis have  been  the  bases  of  many  inferences  and  theoretical 
suggestions. 
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It  is  plain  that  when  the  antigen  employed  is  a  cellular  one  we  are 
necessarily  deahng  with  a  phenomenon  consisting  of  two  phases. 
As  integral  parts  of  compact  structures,  the  cell  constituents  cannot 
react  as  antigen  with  the  cells  and  fluids  of  the  invaded  body  until 
they  have  been  Hberated  by  cell  disintegration.  After  that  the 
process  may  be,  and  probably  is,  entirely  similar  to  serum  anaphy- 
laxis. But  before  this  state  of  affairs  can  be  brought  about  it  must 
be  assimied  that  some  preliminary  reaction  occurs  in  which  the 
bacterial  protein  is  set  free  from  the  cell.  As  to  the  nature  of  this 
reaction  we  have  no  certain  knowledge.  We  cannot  be  sure  at  pres- 
ent, at  least  in  our  opinion,  whether  such  a  reaction  is  or  is  not 
accompanied  by  the  direct  formation  of  toxic  cleavage  products 
within  the  circulation  such  as  those  produced  in  vitro  by  Vaughan,^ 
Friedberger,^  and  others,  though  this  seems  likely.  Moreover,  we  do 
not  know  to  what  degree  and  under  what  circumstances  such  a  proc- 
ess may  be  interfered  with  by  intercurrent  phagocytosis,  and  per- 
haps by  bacterial  agglutination  and  accumulation  in  the  viscera,  as 
demonstrated  by  BuU.^ 

The  practical  bearing  of  bacterial  anaphylaxis  on  the  course  and 
symptomatology  of  infectious  disease  is  of  necessity  ver}'-  great.  It 
has  been  suggested  that  the  incubation  time  of  infections  may  be  in 
part  dependent  upon  the  gradual  development  of  the  specific  sensiti- 
zation of  the  tissues  as  antibodies  begin  to  appear.  The  e\ddence 
adduced  by  the  study  of  the  isolated  uterus,  intestinal  musculature, 
the  perfused  heart  and  lungs,  and  such  experiments  as  those  of  Long- 
cope'*  on  the  kidneys  of  rabbits  points  to  the  possibility  that  many  of 
the  insults  offered  various  tissues,  formerly  attributed  to  specific 
preformed  bacterial  poisons,  may  be  anaphylactic  in  nature.  It  is 
not  impossible  that  a  process  of  alternate  sensitization  and  desensiti- 
zation,  either  interrupted  or  continuous  and  gradual,  may  represent 
the  dominating  mechanism  of  injury  in  bacterial  disease. 

^  Vaughan,  V.  C,  Vaughan,  V.  C,  Jr.,  and  Vaughan,  J.  W.,  Protein   split 
products  in  relation  to  immunity  and  disease,  Philadelphia  and  New  York,  1913. 
^  Friedberger,  E.,  Series  of  papers  in  ^.  Immiinitdlsjorsch.,  Orig.,  1910  to  1913. 
3  Bull,  C.  G.,  /.  Exp.  Med.,  1915,  xxii,  475. 
*  Longcope,  W.  T.,  J.  Exp.  Med.,  1913,  xviii,  678. 
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We  do  not  yet  understand  clearly  the  "relation  of  the  circulating 
antibodies  to  such  processes.  Do  they  aid  in  the  intravascular 
mechanism  for  the  liberation  of  toxic  substances  as  suggested  by 
Pfeiffer,  Radziewsky,  Wolff-Eisner,  and  more  recently  by  Vaughan, 
Friedberger,  and  others?  Or  do  they  both  hasten  the  removal  of 
antigen  by  bactericidal  and  opsonic  action  and  perhaps  even  protect 
the  sensitized  tissues  by  combining  with  the  circulating  antigen  and 
diverting  it  from  the  sessile  antibodies  of  the  sensitized  tissues?  It 
would  be  interesting  and  important  to  know,  moreover,  whether  or 
not  there  is  a  true  bacterial  hypersusceptibility  in  the  sense  that  an 
animal  treated  with  dead  bacteria  or  bacterial  products  (as  in  vac- 
cination) might  pass  through  a  preliminary  period  during  which  sus- 
ceptibility to  invasion  by  the  living  organisms  or  injury  by  their 
body  constituents  is  increased. 

All  these  problems  await  an  analysis  of  bacterial  anaphylaxis  as 
thorough  as  that  which  has  been  made  with  antigens  of  non-cellular 
nature. 

In  order  to  approach  the  problem  properly  it  is  desirable  to  review 
briefly  what  has  been  done  and  how  much  of  it  may  be  accepted  as 
needing  no  further  inquiry. 

The  first  investigators  who  systematically  studied  serum  anaphylaxis  naturally 
turned  their  attention,  also,  to  anaphylaxis  produced  with  bacterial  protein. 
Thus  Rosenau  and  Anderson^  obtained  definite  resiilts  with  extracts  of  various 
bacteria,  using  chiefl)^  colon  bacilli,  extracts  of  yeast,  of  B.  suUilis,  and  of  typhoid 
bacilH.  They  injected  relatively  large  quantities  of  the  extracts  subcutaneously 
into  guinea  pigs  and,  after  periods  of  from  19  to  35  days,  reinjected  intraperi- 
toneally  or  subcutaneously.  They  obtained  reactions  which  they  characterized 
as  "mild,"  "marked,"  or  "severe,"  but  rarely  observed  acute  anaphylactic  death. 
Subsequently  a  large  number  of  investigators  turned  their  attention  to  the  same 
problem  and  more  or  less  divergent  results  were  reported.  The  work  was  done 
chiefly  by  Kraus  and  Doerr,^  Kraus  and  Amiradzibi,^  Holobut,*  Yamanouchi,^ 
Delanoe,^"  Ascoli/^  and  Friedberger  and  his  associates.    It  is  hardly  necessary 

5  Rosenau,  M.  J.,  and  Anderson,  J.  F.,  Bull.  Hyg.  Lab.,  U.  S.  P.  H.,  36,  1907. 

« Kraus,  R.,  and  Doerr,  R.,  Wien.  klin.  Woch.,  1908,  xxi.  1008 

'Kraus,  R.,  and  Amiradzibi,  F.  S.,  Z.  Immunitdtsforsch.,  Orig.,  1909-10,  iv,  607. 

^Holobut,  T.,  Z.  Imrminimtsjorsch.,  Orig.,  1909,  iii,  639. 

^  Yamanouchi,  T.,  Compt.  rend.  Soc.  biol.,  1909,  Ixvi,  531. 
lODelanoe,  M.  P.,  Compt.  retid.  Soc.  biol.,  1909,  Ixvi,  207,  252,  348,  389. 
^1  Ascoli,  M.,  Compt.  rend.  Soc.  biol.,  1908,  Ixv,  611. 
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to  go  into  a  detailed  historical- review  of  the  literature  since  the  difficulties  en- 
countered, and  the  general  conclusions  drawn,  may  be  summarized  very  simply. 
Most  of  the  work  done  was  carried  out  with  definite  prejudice  in  favor  of  com- 
plete analogy  between  senun  hypersensitiveness  and  bacterial  anaphylaxis. 
Kraus  and  Doerr,  as  well  as  Holobut  and  others,  claimed  that  sensitization  could 
be  accomplished  with  regularity  only  if  small  doses  of  bacteria,  i.e.,  one  one-hun- 
dredth of  a  loopful,  were  given  daily  for  10  days  and  reinjection  was  practiced 
about  3  weeks  after  the  last  injection  with  a  relatively  large  amount  washed  up 
with  and  partly  extracted  in  slightly  alkalinized  salt  solution.  It  was  found  by 
a  number  of  observers  that  the  results  were  not  uniform  with  different  species 
of  bacteria.  It  apparently  has  been  very  difficult,  according  to  Miiller,  to  sen- 
sitize with  streptococci  perhaps,  as  Miiller  suggests,  because  of  the  relative  in- 
solubility of  these  bacteria.  Moreover,  acute  symptoms  on  reinjection  in  bac- 
terial anaphylaxis  have  not  been  obtained  with  regularity  and  have  been  com- 
parable to  the  acute  shock  in  serum  anaphylaxis  in  the  smaller  number  of  cases 
only. 

Delanoe  has  denied  the  strict  specificity  of  bacterial  anaphylaxis,  claiming 
that  animals  sensitized  with  typhoid  bacilli  reacted  distinctly  when  reinjected 
with  colon  and  paratyphoid  A  and  B  bacilli.  This,  however,  may  be  true  and 
yet  fail  to  contradict  the  essential  specificity  of  bacterial  anaphylaxis  as  asserted 
by  most  investigators,  since  a  group  reaction  might  easily  have  accounted  for 
his  results,  together  with  the  toxic  reaction  so  often  noticed  on  first  injection  of 
any  bacterial  protein  into  guinea  pigs. 

Passive  sensitization  against  bacterial  protein  was  first  reported  by  Kraus 
and  Doerr  and  was  further  worked  upon  by  Kraus  and  Amiradzibi.  They  in- 
jected guinea  pigs  with  the  serum  of  immune  guinea  pigs  and  rabbits,  and  24 
hours  later  injected  the  antigen  intravenously  or  intraperitoneally,  obtaining 
acute  shock  which  sometimes  killed  the  animals.  Delanoe  reported  similar 
experiments  and  Yamanouchi  and  Ascoli  suggested  the  utilization  of  passive 
anaphylaxis  for  the  diagnosis  of  tuberculosis  and  typhoid  fever. 

Kraus  and  Amiradzibi  also  published  experiments  in  which  they  obtained 
shock  in  guinea  pigs  into  which  they  had  injected  typhoid  bacilli  mixed  with  the 
immune  rabbit  serum  just  before  injection.  These  experiments  are  cited  through- 
out the  literature  as  pointing  to  the  intravascular  mechanism  of  bacterial  ana- 
phylaxis. Whatever  may  be  our  opinion  concerning  this  question,  and  we  will 
further  discuss  this  in  another  place,  the  experiments  of  Kraus  and  Amiradzibi 
are  inconclusive  since  they  entirely  disregard  the  not  infrequent  toxicity  of  nor- 
mal and  immune  rabbit  serum  for  guinea  pigs,  a  disturbing  factor  which  we 
encountered  very  early  in  our  own  work.  In  their  protocols  they  record  posi- 
tive results  only  when  the  dose  of  serum  was  equal  to  or  exceeded  0.5  cc.  of  rab- 
bit serum  and  they  confirmed  the  suspicion  that  serum  toxicity  was  the  true 
reason  for  the  observed  shock  by  stating  that  the  active  rabbit  serum  had  lost 
its  ability  to  give  reactions  when  injected  with  bacteria  after  having  been  pre- 
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served  for  a  month,  a  fact  which  our  own  investigations  and  the  work  of  others 
have  shown  to  be  the  case  with  sera  toxic  for  animals  of  another  species.  The 
experiments  of  Kraus  and  Amiradzibi  therefore,  may  be  disregarded  as  having 
any  bearing  on  the  intravascular  nature  of  bacterial  anaphylaxis. 

Nevertheless,  from  the  work  of  other  observers  (Friedberger  and 
Mita,  Delanoe,  and  others)  it  seems  beyond  question  that,  just  as 
one  would  expect,  passive  sensitization  of  guinea  pigs  with  the  sera 
of  animals  sensitized  or  immune  to  bacteria  is  possible.  There  is 
some  discrepancy,  however,  between  the  results  obtained  by  us  and 
those  reported  by  the  observers  mentioned  in  regard  to  the  time 
necessary  between  injection  of  the  antiserum  and  the  development  of 
the  hyper  sensitiveness.  This  is  a  matter  concerning  which  we  will 
have  more  to  say  below. 

As  far,  then,  as  reaction  with  the  dissolved  bacterial  antigen  is 
concerned  there  seems  to  be  a  complete  analogy  between  serum  and 
bacterial  anaphylaxis  except  in  one  important  and  perhaps  funda- 
mental point,  and  this  is  the  fact  of  primary  toxicity  of  the  bacterial 
protein.  For,  while  the  first  inoculation  of  such  antigens  as  horse 
serum,  sheep  serum,  egg  white,  etc.,  produces  no  symptoms  of  injury 
in  the  injected  animal,  typhoid  protein  and  that  of  many  other  bac- 
teria if  given  in  sufficient  amounts  lead  even  at  first  injection  to 
severe  illness  and  rapid  or  delayed  death  according  to  the  variety  of 
bacteria  and  the  amount  injected. 

Indeed  it  is  an  observation  recorded  by  Friedberger  and  Mita,  by  Seitz,'* 
by  Miiller,^^  and  by  Doerr,"  as  well  as  occasionally  made  in  our  own  experiments, 
that  typical  anaphylactic  symptoms  may  follow  immediately  upon  first  injec- 
tion of  bacteria  and  bacterial  extracts,  if  the  amount  given  is  sufficient.  Miiller 
particularly,  has  subjected  this  occurrence  to  systematic  study.  He  finds  that 
the  chief  difference  between  the  reaction  of  the  sensitized  and  the  unsensitized 
guinea  pig  to  intravenous  injection  of  bacterial  protein  consists  in  the  facts  that 
the  sensitized  animal  will  show  acute  reaction  to  doses  sma'Ier  than  those  neces- 
sary to  produce  the  same  result  in  the  normal  controls  and  that  these  smaller 
doses,  which  produce  acute  anaphylactic  death  in  the  sensitized,  will  produce  a 

'-  Seitz,  A.,  Z.  Immunitdtsforsch.,  Orig.,  1912,  xiv,  91. 
'^  Miiller,  P.  T.,  Z.  Immunitdtsforsch.,  Orig.,  1912,  xiv,  426. 
'*  Doerr,  R.,  in  KoUe,  W.,  and  von  Wassermann,  A.,  Handbuch  der  pathogenen 
Mikroorganismen,  Jena,  2nd  edition,  1913,  ii,  1098. 
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more  protracted  illness  and  often  death,  after  the  lapse  of  hours  or  days  in  the 
unsensitized.  Miiller  interprets  his  work  entirely  in  the  sense  of  Friedberger's 
anaphylatoxin  theory,  in  that  he  believes  acute  death  to  be  due  to  the  formation 
in  the  blood  stream  of  a  poison  resulting  from  the  reaction  between  plasma  and 
bacteria,  a  process  which  is  therefore  more  rapid  in  the  sensitized  animals  in 
whose  blood  stream  antibodies  are  present  in  relatively  higher  concentration. 

These  considerations  bring  the  problem  of  bacterial  anaphylaxis 
into  intimate  relationship  with  questions  concerning  the  nature  of 
the  toxic  properties  of  such  microorganisms  as  the  typhoid,  para- 
t}T)hoid,  and  plague  bacilli,  the  cholera  spirillum,  and  other  bacteria, 
which  unlike  diphtheria  and  tetanus,  do  not  secrete  true  toxins  or 
exotoxins.  Friedberger's  theory  would  both  explain  anaphylactic 
poisoning  with  bacterial  antigens  and  relegate  to  the  chapter  of 
discarded  theories  the  older  endotoxin  conception  of  Pfeiffer  which 
assumed  the  existence  of  specific  preformed  intracellular  poisons 
liberated  mechanically  by  disintegration  of  the  cell  body. 

As  a  matter  of  fact,  the  entire  problem  of  endotoxins  is  one  which 
calls  for  reexamination  in  that  the  knowledge  gained  of  recent  years 
has  opened  a  number  of  alternative  explanations  for  the  primary 
toxicity  of  such  bacteria  as  the  typhoid  bacillus.  Briefly  summarized 
they  are:  (1)  The  actual  intracellular  existence  of  specific  endotoxins 
in  the  sense  of  Pfeiffer^^  (toxalbumin) .  (2)  The  production  of  toxic 
spHt  products  in  the  animal  body  from  the  bacterial  protein  by  pro- 
teolytic cleavage  brought  about  by  non-specific  serum  protease 
(Jobling  and  Petersen^^)  or  by  the  cooperation  of  antibody  and  alexin 
(Friedberger) .  (3)  The  absorption  of  antienzymes  by  the  bacteria 
with  consequent  activation  of  the  serum  protease  which  then  spHts 
off  toxic  substances  from  the  plasma  protein  (Jobling  and  Petersen^  ^). 
(4)  The  presence  of  non-specific  toxic  substances  in  the  bacterial 
cell  body,  of  the  nature  of  peptones,  primary  and  secondary  albumoses, 
etc.,  which  are  Hberated  by  lysis  from  the  bacterial  cell  after  cell 
death.  This  conception  would  differ  from  that  of  Pfeiffer  in  that 
the  intracellular  substances  are  conceived  as  in  no  sense  specific 
toxic  proteins,  but  rather  entirely  non-specific  constituents  repre- 

"  Pfeififer,  R.,  Z.  Uyg.,  1892,  xi,  393. 

16  Jobling,  J.  W.,  and  Petersen,  W.,  /.  Exp.  Med.,  1914,  xx,  452. 

1'  Jobling  and  Petersen,  J.  Exp.  Med.,  1914,  xx,  321. 
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senting  the  type  of  poisons  conceived  as  proteolytically  produced 
from  the  antigen  by  Vaughan  and  others.  This  last  view,  though 
hitherto  not  particularly  considered,  should  nevertheless  in  our 
opinion  be  regarded  as  at  least  a  possible  explanation  for  a  part 
of  the  toxic  manifestations  resulting  from  the  injection  of  bacteria 
of  this  class.  Moreover,  such  a  possibility  is  suggested  by  the 
fact  that  bacterial  protein  is  relatively  poor  in  antigenic  properties. 
Doerr,^*  also,  has  considered  this  in  stating  that  he  believed  the 
difficulty  of  producing  anaphylaxis  with  bacteria  was  in  part  due  to 
the  fact  that  their  body  substances  were  relatively  poor  in  coagu- 
lable  (antigenic)  proteins.  We  have  not  been  able  as  yet  to  study  the 
matter  extensively,  but  we  have  carried  out  a  few  experiments,  as 
follows : 

T^-phoid  bacilli  from  twenty-four  agar  cultures  were  weighed  as  a 
moist  mass,  ground  up  with  salt,  and  then  taken  up  in  distilled  water 
to  isotonicity.  After  the  addition  of  0.2  cc.  of  j  sodium  hydroxide 
to  100  cc.  the  suspension  was  heated  to  60°C.  for  30  minutes  to  pre- 
vent autolysis,  and  was  then  shaken  for  4  to  5  hours  with  a  motor, 
at  room  temperature.  After  filtration  through  a  Berkefeld  candle 
the  clear  solution  gave  a  definite  cloud  after  boiling  and  adding 
acetic  acid.  The  filtrate  was  treated  with  heat  and  acid  to  remove 
coagulable  protein.  On  the  advice  of  Professor  Gies  the  suspension 
was  first  brought  to  a  boil  and  then  small  amounts  of  acid  were 
added  to  prevent  possible  hydrolysis  which  might  have  occurred 
had  the  acid  been  added  first.  The  filtrate  from  this  was  then  half 
saturated  with  ammonium  sulfate.  Again  a  definite  cloud  was  ob- 
tained, and  when  this  was  filtered  clear,  a  second  turbidity  could  be 
produced  by  complete  saturatian  wdth  the  sulfate. 

Although  we  have  not  yet  obtained  toxic  reactions  with  these 
substances  after  isolation,  perhaps  because  of  the  difficulty  of  ob- 
taining them  in  sufficient  amount,  the  presence  of  albumoses,  sub- 
stances which  have  often  been  found  to  possess  primary  toxicity 
for  animals,  suggests  the  possibility  that  their  existence  in  the  bac- 
terial body  might  indeed  contribute  to  the  injury  done  by  injections 
of  bacteria.    We  foimd  albumoses  in  extracts  of  typhoid  baciUi  not 

i8Doerr,i4p.  1100. 
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only  when  the  bacteria  were  grown  on  the  ordinary  peptone  media 
but  also  on  agar  made  without  peptone  to  which  nutrose  or  sodium 
caseinate  has  been  added  as  an  enriching  substance. 

Moreover,  we  have  also  had  the  experience  with  the  typhoid  ba- 
cillus which  is  referred  to  repeatedly  by  Vaughan  when  dealing 
with  the  colon  bacillus;  namely,  that  bacterial  suspensions  sub- 
jected to  boiling  are  quite  as  toxic  and  often  more  so  than  are  the 
unheated  and  li\'ing  suspensions. 

Thus,  if  three  guinea  pigs  are  injected  with  equal  amounts  of 
typhoid  suspension,  one  with  the  Uving  bacteria,  the  second  with 
bacteria  heated  to  60°C.  for  15  minutes,  and  the  third  with  bacteria 
boiled  for  5  minutes,  the  guinea  pig  receiving  the  boiled  bacilli  will 
often  be  the  first  one  to  grow  sick  and  may  die  several  hours  before 
the  others. 

This  may  mean,  of  course,  as  Vaughan  suggests,  that  the  heated 
protein  is  more  promptly  split  by  the  ferments  of  the  body.  It 
also  suggests,  however,  that  in  addition  to  this  the  heating  has 
left  unchanged  non-coagulable  toxic  constituents  of  the  cell. 

Passive  Sensitization  of  Guinea  Pigs  to  Bacteria. 

Since  in  this  work  we  were  concerned  primarily  with  the  funda- 
mental problems  referred  to  in  our  introduction,  we  neglected  for 
the  present  the  purely  technical  difficulties  connected  with  active 
sensitization  and  employed  entirely  the  method  of  passive  sensiti- 
zation in  which  a  more  immediate  and  direct  control  over  the  rela- 
tionship between  the  development  of  hypersensitiveness  and  the 
concentration  of  circulating  antibodies  could  be  exercised. 

The  experiments  described  in  the  following  paragraphs  illustrate 
the  passive  sensitization  of  guinea  pigs  by  intraperitoneal  injection 
with  antit>'phoid  serum.  They  show  that  unlike  Kraus  and  his 
collaborators,  we  never  succeeded  in  finding  the  animals  sensitized 
in  less  than  3  to  5  days,  the  highest  degree  of  sensitization  being 
developed  in  about  a  week.  This  was  true  both  when  the  whole 
animal  was  tested  and  when  the  reactions  were  obtained  with  the 
isolated  uteri. 
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Passive  Sensitization  to  Typhoid  Protein,  (a)  Experiment  1. — Apr.  8,  1916. 
Guinea  Pigs  1  to  5  inclusive  are  injected  intraperitoneally  with  1  cc.  of  Anti- 
tJT^hoid  Serum  W  which  agglutinates  1 :  10,000. 

Apr.  10.  Guinea  Pig  5,  weight  220  gm.,  is  injected  intravenously  with  2  cc. 
of  typhoid  extract.     No  immediate  symptoms. 

Agglutination  titer  of  this  animal  1:80+  + 

1:160+ 

Apr.  12.  Guinea  Pig  4,  weight  190  gm.,  injected  intravenously  with  2  cc. 
of  typhoid  extract.  Typical  symptoms;  falls  to  side;  characteristic  breathing; 
definite  but  not  fatal  shock.  As  well  as  control  in  8  minutes.  Control,  weight 
195  gm.,  shows  no  immediate  symptoms. 

Nos.  2  and  4  titrated  on  this  day  show  agglutination  up  to  1 :  160. 

{b)  Experiment  2. — Oct.  18, 1916.  A  series  of  guinea  pigs,  weight  220  to  255  gm., 
is  intraperitoneally  injected  with  2  cc.  of  antityphoid  rabbit  serum  with  a  titer 
of  1 : 4,000. 

Oct.  20.     These  guinea  pigs  show  a  titer  of  1:  100  to  1:  200. 

Oct.  23.     Agglutinins  in  guinea  pigs  now  about  1:  100. 

Oct.  24.  Titer  diminishing  to  1:50  in  most  of  them,  others  partially  agglu- 
tinated 1 :  100.  On  this  day  one  guinea  pig  is  injected  intravenously  with  1  cc. 
of  typhoid  extract.  No  sign  of  anaphylaxis.  This  animal,  however,  died  over 
night,  whereas  the  unsensitized  control  of  the  same  weight  remained  alive. 

Oct.  25.  Typical  shock  obtained  in  two  of  the  guinea  pigs;  no  immediate 
symptoms  in  controls  on  injection  of  1  cc.  of  extract. 

It  would  not  aid  much  in  throvdng  light  on  the  subject  of  our 
paper  were  we  to  multiply  experiments  like  the  foregoing.  We  may 
summarize  by  stating  that,  after  injecting  intraperitoneally  anti- 
typhoid serum,  and  waiting  a  period  of  3  to  5  days,  at  a  time  when 
agglutinins  are  still  present  to  a  considerable  degree  in  the  circula- 
tion of  the  guinea  pigs,  definite  shock  can  be  observed  on  injection 
of  antigen.  Earher  than  this,  however,  in  spite  of  a  higher  con- 
centration of  antibodies  in  the  blood,  no  definite  or  severe  acute 
shock  could  be  eHcited.  It  has  seemed  that  to  obtain  very  severe 
symptoms  an  interval  of  considerably  longer  than  1  day  is  necessary 
when  an  intraperitoneal  first  injection  is  practiced. 

The  following  experiment,  one  of  several  similar  ones,  shows  that 
when  relatively  large  amounts  of  antigen  are  used  the  difi^erences 
between  normal  and  sensitized  guinea  pigs  are  essentially  quantitative 
and  not  quahtative : 

Experiment  3. — Jan.  16,  1917.  Guinea  Pigs  6  and  7  are  intraperitoneally 
sensitized  with  2  cc.  of  antityphoid  serum. 
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Jan.  19.     The  following  injections  are  made. 

Guinea  Pig  6,  weight  170  gm.,  receives  intravenously  5  cc.  of  typhoid  extracts 
Immediate  shock;  death  in  8  to  10  minutes.  Control,  weight  200  gm.,  receives 
5.5  cc.  of  same  antigen;  quite  sick,  coughs,  scratches  nose,  breathes  irregularly. 
Gradual  recovery. 

Guinea  Pig  7  receives  4  cc.  of  antigen.  Immediate  difficult  breathing,  cough- 
ing, very  sick.  Died  after  3  to  4  hours.  Control,  same  weight,  receives  4  cc. 
of  antigen.  Difficult  breathing.  Same  type  of  illness  as  No.  7  but  less  severe. 
Both  controls  dead  next  morning.     No.  7  dies  in  afternoon. 

Although  it  has  been  an  irregular  observation,  the  immediate 
development  of  anaphylactic  symptoms  in  normal  guinea  pigs  injected 
with  large  amounts  of  typhoid  antigen  has  occurred  with  sufficient 
frequency  to  force  itself  upon  our  consideration.  A  typical  instance 
of  this  is  the  following: 

Experiment  4. — Feb.  20,  1917.  A  normal  guinea  pig,  weight  175  gm.,  received 
3  cc.  of  typhoid  extract  intravenously  at  12  noon.  Immediate  coughing,  re- 
spiratory distress,  staggering.    Temporary  improvement;  died  at  4  p.m. 

This  observation  we  think  has  important  theoretical  bearing  when 
correlated  with  later  experiments  on  the  isolated  uterus.  In  this 
place  we  wish  merely  to  record  it  for  future  reference.  It  is  interest- 
ing to  note  in  this  connection  that,  although  the  sensitized  animals 
show  a  much  greater  tendency  to  immediate  reaction,  unless  the  shock 
is  fatal,  they  rapidly  improve  and  approach  the  condition  of  slower 
intoxication,  ordinarily  found  in  the  normal  animals  similarly  treated. 
The  following  experiment  illustrates  these  conditions: 

Experiment  5. — Feb.  28,  1917.  Guinea  Pig  8,  weight  155  gm.,  sensitized 
intraperitoneally  with  2  cc.  of  antityphoid  serum  on  Feb.  24,  was  injected  in- 
travenously with  2  cc.  of  tjqjhoid  extract.  At  the  same  time  a  control  normal 
animal,  weight  135  gm.,  was  similarly  injected.  The  sensitized  animal  showed 
immediate  symptoms;  coughing,  difficult  respiration.  The  control  showed  no 
immediate  effects.  After  10  minutes  the  sensitized  animal  had  improved  and 
both  were  alike  and  growing  progressively  sicker.  Both  died  on  the  same  after- 
noon. 

Although  the  preceding  experiments  seem  to  furnish  sufficient 
e\'idence  that  the  dominating  mechanism  of  acute  shock  in  bacterial 
anaphylaxis  is  not  one  of  intravascular  antigen-antibody  reaction, 
we  nevertheless  thought  it  wise  to  repeat  the  experiments  of  Kraus 
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and  Amiradzibi  who  obtained  shock,  as  stated  before,  when  they 
injected  simultaneously  bacteria  and  antiserum.  This  we  did  for 
the  sake  of  completeness  although  we  feel  sure  that  Kraus  and 
Amiradzibi's  results  were  referable  to  the  intrinsic  toxicity  of  their 
rabbit  serum  for  guinea  pigs. 

In  the  experiment  which  follows,  one  of  several  similar  ones,  antigen 
injections  were  made  into  guinea  pigs  passively  sensitized,  into 
normal  animals,  and  into  normal  ones  that  had  received  intrave- 
nously 0.5  cc.  of  antiserum  about  an  hour  before  inoculation  with  the 
antigen.     One  example  of  such  an  experiment  follows. 

Experiment  6. — Apr.  9,  1917.  Guinea  pig,  weight  199  gm.,  passively  sensitized- 
Agglutination  titer  on  INlar.  30,  1:80.  1.45  p.m.  Receives  intravenously  2.5 
cc.  of  typhoid  antigen.  Very  sick  immediately;  breathes  with  difficuUy  and 
irregularly  for  5  minutes,  ihen  better.     9  p.m.     Died. 

10.45  a.m.  Normal  guinea  pig,  weight  200  gm.,  receives  intravenously  0.5 
cc.  of  typhoid  antiserum.  1.55  p.m.  Inoculated  intravenously  with  2.5  cc.  of 
antigen.  Not  quite  as  sick  as  the  preceding  animal;  illness  develops  more  gradu- 
ally but  this  animal  does  not  recover  from  immediate  symptoms  as  rapidly  as 
the  other.  Dies  next  afternoon  at  2.45  p.m.;  i.e.,  lives  6  hours  longer  than  pre- 
ceding guinea  pig. 

Normal  guinea  pig,  weight  195  gm.,  inoculated  with  2.5  cc.  of  antigen.  2.30 
p.m.  Very  slightly  sick,  almost  not  at  all;  gradua  ly  sick.  Very  sick  in  p.m., 
but  recovers  and  remains  alive. 

It  would  be  of  relatively  little  value  for  the  purposes  of  this  paper 
were  we  to  protocol  other  experiments  similar  to  or  representing 
variations  of  the  preceding.  The  results  were  by  no  means  regular 
but,  taken  together,  they  pointed  to  certain  fundamental  conditions 
which  are  of  considerable  interest  in  connection  with  our  later  work. 

We  may  summarize  these  facts  by  saying  that:  (1)  Acute  shock 
with  convulsions  and  death  is  obtained  more  frequently  and  with 
lower  dosage  in  sensitized  than  in  normal  guinea  pigs.  (2)  Acute 
shock  with  death  cannot  be  obtained  with  regularity  in  sensitized 
animals  and  is  obtained  in  normal  animals  only  on  rare  occasions 
when  large  doses  are  given.  (3)  To  elicit  acute  shock  with  death 
even  in  sensitized  animals  requires  at  least  a  minimal  fatal  dose 
of  the  antigen  and  usually  considerably  more  is  required  (two  to 
three  times)  than  the  eventual  killing  dose  of  the  antigen  used.  (4) 
Normal  guinea  pigs  that  are  injected  with  a  moderate  dose  of  anti- 
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serum,  followed  within  an  hour  by  an  injection  of  antigen,  do  not 
differ  markedly  from  normal  animals  receiving  the  same  amounts 
of  antigen,  in  regard  to  acute  s>Tnptoms.  They  have  occasionally 
seemed  sicker  than  the  normal  ones,  but  not  with  sufficient  regularity 
to  throw  any  light  on  any  intravascular  anaphylactic  mechanism. 

Analysis  of  Bacterial  Anaphylaxis  in  Guinea  Pigs. 

We  are  confronted,  therefore,  with  a  problem  which  cannot  be 
solved  entirely  by  experiments  on  the  living  animal.  On  the  one 
hand,  our  inability  to  obtain  marked  sensitiveness  to  relatively 
small  doses,  unless  we  allowed  a  considerable  period  to  elapse  be- 
tween the  administration  of  antiserum  and  the  injection  of  antigen, 
points,  as  in  serum  anaphylaxis,  to  the  importance  of  a  cellular 
mechanism.  On  the  other  hand,  the  fact  that  with  larger  doses  the 
differences  between  the  sensitized  and  the  normal  become  less  well 
defined,  though  still  apparent,  would  indicate  that  a  preparation 
of  the  cellular  elements  by  antibody  absorption  is  not  absolutely 
essential. 

The  alternatives  are  that  either  we  are  dealing  with  two  reac- 
tions, one  a  purely  intravascular  one  which  is  sufficiently  powerful 
to  cause  acute  shock  with  death  only  when  very  large  amounts  of 
antigen  are  used,  and  a  cellular  one  which  is  in  evidence  only  in 
sensitized  animals,  or  that  both  in  normal  and  in  sensitized  animals 
the  mechanism  is  purely  cellular  and  that  the  normal  tissues  of  the 
guinea  pig  possess  originally  a  sHght  degree  of  sensitiveness,  analogous 
to  normal  antibodies  in  the  circulation,  which  is  merely  increased 
by  specific  active  or  passive  sensitization. 

This  problem  can  be  further  approached  only  by  recourse  to  some 
of  the  physiological  methods,  such  as  heart  and  lung  perfusion  lately 
again  applied  to  serum  anaphylaxis  by  Manwaring,  or  the  study  of 
the  isolated  uterus — a  method  which  has  brought  brilliant  results 
in  serum  anaphylaxis  in  the  hands  of  Dale^''  and  WeiP*^  and  has 
lately  been  applied  to  the  study  of  bacterial  antibodies  by  Weil  and 

»»  Dale,  H.  H.,  /.  Pharm.  and  Exp.  Tlicrap.,  1912-13,  iv,  517. 
2»Weil,  R.,  J.  Med.  Research,  1912-13,  xxvii.  497;  1914,  xxx,  317,  331;  1915, 
xxxii,  107. 
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Torrey^^  and  by  Manwaring  and  Kusama."  We  accordingly  have 
worked  with  all  these  methods  but  wish  to  report  in  this  paper 
only  on  results  obtained  with  the  Dale  method. 

The  first  step  in  this  work  was  to  obtain  typhoid  anaphylactic 
reactions  mth  the  isolated  uteri  of  animals  intraperitoncally  in- 
jected with  antityphoid  serum.  Here  again,  we  found  that  the  in- 
terval after  injection  was  much  longer  than  we  expected  and  uteri 
from  these  guinea  pigs  would  often  react  only  after  3,  4,  and  5  days, 
several  of  those  tested  after  1,  2,  and  3  days  failing  to  react.  The 
highest  degree  of  sensitiveness  is  not  acquired  after  injections  of 
2  cc.  of  serum  (titer  from  1 : 4,000  to  1 :  10,000)  until  about  the  5th 
to  the  8th  day  after  injections,  a  time  at  which  the  agglutinins  in 
the  circulation  of  the  animal  are  beginning  to  diminish.  This  point 
of  the  relation  between  the  circulating  agglutinins  and  the  sensitive- 
ness of  the  whole  animal  is  one  of  great  importance  which  we  believe 
marks  an  essential  difference  between  the  study  of  the  isolated  uterus 
and  the  whole  animal. 

Fig.  1  represents  the  reaction  of  a  passively  sensitized  uterus  to 
typhoid  antigen  when  the  typhoid  bacilli  were  ground  in  salt  and 
were  extracted  with  very  sHghtly  alkaline  salt  solution.  The  bath 
capacity  in  these  earher  experiments  was  200  cc;  in  later  ones  this 
was  reduced  to  50  cc.  for  purposes  of  economy. 

Fig.  2  represents  a  similar  reaction  of  a  highly  sensitized  uterus 
where  it  is  shown  that  the  sudden  instillation  of  lar^e  amounts  of 
typhoid  antigen  may  give  rise  to  a  repetition  of  spasm,  three  or 
four  separate  shocks  being  noted.  This  has  not  often  been  the  case 
in  our  experiments,  the  uterus  usually  going  into  a  prolonged  single 
spasm,  but  was  interesting  to  us  because  it  was  a  graphic  represen- 
tation of  a  repetition  of  shock  which  we  once  noticed  in  young  goats 
on  the  reinjection  of  typhoid  baciUi.  It  is  also  worth  noticing  that 
occasionally  when  a  uterus  has  begun  to  relax,  if  more  antigen  is 
added,  another  shock  can  often  be  induced  even  though  the  first 
instillation  seems  to  have  contained  much  more  antigen  than  could 
possibly  be  absorbed  within  the  uterine  cells,  a  fact  which  points 
to   the   importance   of   concentration   rather   than   actual   amount, 

21  Weil,  R.,  and  Torrey,  J.  C,  J.  Exp.  Med.,  1916,  xxiii.  1. 

22 Manwaring,  W.  H.,  and  Kusama,  Y.,  J.  Immunol.,  1917,  ii,  157. 
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since  it  is  analogous  to  observations  made  by  pharmacologists  in 
similar  experiments  with  drugs  in  which  the  essential  element  of 
action  seems  to  depend  upon  concentration  and  not  upon  actual 
quantity.  Repeated  addition  of  the  antigen,  however,  leads  to  rap- 
idly diminishing  intensity  of  shock  and  desensitization.  Fig.  2  also 
incidentally  seems  to  show  that  even  when  the  surrounding  antigen 
is  removed,  the  stimuli  which  lead  to  spasm  may,  on  occasion,  con- 
tinue, pointing  to  the  essentially  intracellular  occurrence  of  the 
reaction  between  antigen  and  antibody  which  is  the  ultimate  cause. 
We  should  emphasize,  however,  that  the  above  is  the  only  instance 
in  which  such  repeated  and  strong  reactions  were  obtained  in  this 
way. 

Having  thus  ascertained  that  passive  sensitization  of  the  animal 
is  easily  determined  by  the  Dale  reaction,  we  thought  that  it  would 
be  easy  by  the  same  method  to  determine  whether  the  shock  ehcited 
in  normal  animals  by  large  doses  of  antigen  depended  merely  upon 
a  lesser  degree  of  cellular  sensitization.  Were  this  the  case,  large 
amounts  of  antigen  added  to  a  bath  containing  a  normal  uterus  should 
induce  at  least  some  degree  of  reaction.  Figs.  3  and  4  represent 
these  experiments. 

It  is  apparent  from  both  these  charts  that  large  amounts  of  anti- 
gen exert  no  effect  upon  the  isolated  normal  uterus.  From  this 
it  would  seem  clear  that,  whatever  is  the  mechanism  of  injury  which 
induces  respo;ise  of  the  whole  animal  to  injections  of  typhoid  anti- 
gen, it  is  not  one  in  which  cellular  sensitiveness  is  involved,  at  least, 
in  an  anaphylactic  sense.  This  observation  we  consider  of  great 
importance',  for  it  indicates  that  to  the  mechanism  of  bacterial  in- 
jury in  the  normal  animal,  there  is  superadded  another  and  cellular 
one  in  the  sensitized  animal.  It  might,  of  course,  be  considered  that 
cells  other  than  uterine  might  be  sensitive  to  direct  reaction  with 
the  bacterial  products  in  the  normal  guinea  pig.  But  Weil,  especially, 
has  shown  a  remarkable  paralleHsm  between  hypersusceptibility  in 
general  and  uterine  reactions  in  guinea  pigs,  and  in  the  Ught  of  his 
work  and  that  of  others  it  would  seem  most  hkely  that  the  normal 
animal  lacks  cellular  sensitiveness  to  the  unchanged  bacterial  substance 
and  that  the  mechanism  of  injury,  therefore,  must  be  regarded  as  in 
large  part  an  intravascular  one  until  the  animal  is  sensitized. 
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Incidentally,  we  ha\-e  shown  that  with  bacterial  anaphylaxis  the 
same  phenomenon  is  present  that  was  found  in  Dale's  experiments  with 
horse  serum  anaphylaxis;  namely,  that  the  normal  uterus  cannot  be 
sensitized,  even  by  prolonged  soaking  in  immune  serum,  and  the  union 
"wdth  the  antibodies  in  serum  is  one  in  which  the  antibodies  become 
an  intrinsic  part  of  the  cells  and  are  not  mereh'  physically  fixed  to 
the  cell  exterior. 

Up  to  this  point  we  have  worked  mth  bacterial  extracts  and  have 
found  that,  in  fundamental  principles,  reactions  obtained  with 
bacterial  antigen  are  essentially  identical  with  those  obtained  with 
such  antigens  as  horse  serum,  etc.  Inasmuch  as  the  bacteria  in  in- 
fectious diseases  are  present  in  the  body  primarily  as  living  and  grow- 
ing ceUs,  it  would  seem  important  to  ascertain  whether  sensitive  cells 
can  react  to  the  whole  bacterial  body,  or  whether,  as  we  assumed 
above,  there  must  be  a  preliminary  extraction  or  solution  of  the  bac- 
teria before  injury  can  be  done  to  the  tissue  elements.  In  conse- 
quence, we  carried  out  a  number  of  experiments  in  which  heavy  sus- 
pensions of  li\-ing  bacilli  were  added  to  Locke's  solution  in  which  was 
suspended  a  uterus  from  a  sensitized  animal.  The  opposite  horn 
was,  of  course,  always  tested  for  sensitiveness  wdth  t}'phoid  extract. 
Figs.  5  and  6  illustrate  these  experiments  and  show  that  the  whole 
bacilli  exert  little  or  no  effect- on  the  sensitized  organ. 

We  must  assume,  therefore,  that  where  bacteria  are  injected  into 
the  sensitized  animal,  or  are  invading  the  living  animal  or  human 
body,  injury  to  sensitized  tissues  must  be  preceded  by  a  liberation 
of  antigens.  Does  this  occur  in  the  blood  stream  by  lysis?  One  way 
of  determining  this  would  be  to  add  the  serum  of  a  guinea  pig  in- 
jected vnih  whole  t>^hoid  bacilli  some  time  before,  into  a  bath  con- 
taining a  sensitized  uterus.  We  tried  this,  but  obtained  confusing 
results  owing  to  the  fact  that  normal  guinea  pig  serum  in  itself  exerts 
irritating  effects  upon  the  isolated  guinea  pig  uterus.  In  conse- 
quence, we  resorted  to  precipitin  and  complement  fixation  reactions. 
The  former  were  not  satisfactory,  but  the  latter  gave  us,  we  believe, 
a  clear  indication  of  the  presence  of  dissolved  antigen  in  the  circula- 
tion of  guinea  pigs  intravenously  injected  an  hour  previously  with 
whole  t>-phoid  bacilli.     Such  an  experiment  follows. 
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Experiment  7. — Guinea  pig,  weight  300  gm.,  received  five  slants  of  living  whole 
bacilli,  washed  once  in  salt  solution,  intravenously.  After  1  hour  the  animal 
was  bled  and  cultures  were  taken  on  agar  plates  from  its  whole  b'ood  and  from 
the  serum  after  clotting  of  the  blood.  The  following  experiment  was  then  done 
with  the  inactivated  serum  of  this  animal  as  antigen;  a  strong  antiserum  as 
antibody;  and  a  fresh  guinea  pig  complement  previously  titrated  carefully  against 
the  hemolytic  system. 


Tube. 


Two  units  of  complement  added  to  the  following. 


0.1  cc.  of  t5T)hoid  antiserum  +1.5  cc.  of  salt  solution 

0.3  "    "  serum  of  injected  guinea  pig  +1.2  cc.  of  salt  solution 

0.1  "    "  typhoid  antiserum +0.1  cc.  of  serum  of  injected  guinea  pig 

+ 1 .4  cc.  of  salt  solution 

0.1  cc.  of  tj^hoid  antiserum  +0.2  cc.  of  serum  of  injected  guinea  pig 

+  1.3  cc.  of  salt  solution 

0.1  cc.  of  typhoid  antiserum  +0.3  cc.  of  serum  of  injected  guinea  pig 

+  1.4cc.  of  salt  solution 

1.6  cc.  of  salt  solution 


Inhibition  of 
hemolysis. 


0 
0 

+++ 
++++ 
++++ 

0 


To  these  tubes  we  added  two  units  of  complement  and,  after  1  hour  in  the  water 
bath,  sensitized  red  cells  were  added.  The  results  obtained  are  expressed  in 
terms  of  Wassermann  reactions  as  read  in  1  hour  in  the  water  bath  and  over  night 
in  the  ice  chest,  this  being  necessary  because  0.3  cc.  of  the  injected  guinea  pig 
serum  was  slightly  anticomplementary  and  absolutely  complete  reactions  could 
not  be  read  until  the  next  morning  in  this  tube  and  in  Tube  5. 

There  is  one  possible  error  which,  however,  we  think  we  can  dis- 
count; namely,  the  culture  taken  from  the  whole  guinea  pig  blood  in 
this  and  other  experiments  always  yielded  considerable  numbers  of 
colonies  of  typhoid  bacilli,  as  many  as  1,000  or  so,  which  inclines  one 
to  consider  the  possiljility  that  the  complement  fixation  might  have 
been  due  to  whole  bacilli.  However,  the  serum  from  such  blood  was 
entirely  clear  and  was  further  centrifugalized  before  use,  and  cultures 
taken  from  the  serum  in  this  experiment  ])efore  it  was  heated  for 
inactivation  yielded  only  two  to  three  colonies  per  0.2  cc,  which  in- 
dicated to  us  that,  as  one  would  expect,  the  great  bulk  of  typhoid 
bacilH  were  caught  and  held  in  the  clot.  Had  the  clot  been  allowed 
to  stand  in  the  ice  chest  over  night  for  the  expression  of  the  sera,  it 
might  still  have  been  possible  that  an  extraction  of  these  typhoid 
bacilli  might  have  taken  place,  but  we  centrifugalized  the  blood  as 
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soon  as  clotted  and  extraction  therefore  seems  unlikely.  We  believe, 
therefore,  that  these  experiments  indicate  that  in  the  circulation  of 
the  guinea  pig  injected  with  live  t}'phoid  bacilli,  and  presumably, 
.therefore,  in  the  spontaneously  infected  body,  antigen  is  in  some  way 
liberated  to  the  circulating  blood,  which  then  could  react  with 
sensitized  tissue  as  in  our  uterus  experiment. 

If  this  is  the  case,  the  next  link  in  our  chain  would  be  to  determine 
whether  we  could  also  trace  the  actual  formation  of  toxic  products, 
such  as  Friedberger's  anaphylatoxin,  or  Vaughan's  spht  products, 
or  the  substances  we  have  spoken  of  as  proteotoxins  in  the  circukting 
blood.  We  have  attempted  to  do  this  in  two  ways.  One  consisted  in 
repeated  attempts  to  produce  acute  s}Tnptoms  of  shock  in  guinea  pigs 
by  injecting  intravenously  blood  serum  taken  from  normal  animals 
rendered  severely  sick  both  by  tj-phoid  bacilli  and  t^^phoid  extract. 
We  have  never  succeeded  in  this.  Next  we  attempted  to  produce 
contraction  in  the  normal  guinea  pig  uterus,  by  adding  to  the  bath  of 
Locke's  solution  such  guinea  pig  serum.  In  this  we  did  not  succeed, 
partly  because  it  was  never  possible  to  add  large  amounts  of  guinea 
pig  serum  to  these  baths  wdthout  running  the  risk  of  obtaining  the 
contraction  incident  to  the  instillation  of  normal  guinea  pig  serum. 
When  we  did  so,  no  marked  contrast  appeared  between  the  result  of 
putting  in  normal  guinea  pig  serum  and  putting  in  the  same  amount 
of  the  serum  of  an  animal  d>ing  of  t}T3hoid  bacilli  (Fig.  7). 

We  cannot,  therefore,  with  any  of  the  methods  now  at  our  disposal, 
demonstrate  the  formation  in  the  blood  stream  of  the  typhoid-infected 
animal  of  the  poisons  which  are  responsible  for  acute  anaphylactic 
shock.  Does  this  negative  the  intravascular  production  of  such  toxic 
substances?     We  think  not. 

In  the  first  place,  it  must  be .  remembered  that,  whatever  may  be 
the  mechanism  of  injury  going  on  in  an  animal  infected  and  poisoned 
with  typhoid  or  other  bacilli,  the  process  is  a  gradual  one  extending 
over  a  period  of  from  4  to  12  hours  or  longer,  even  when  large  doses  are 
given.  It  is  likely  that  the  poisons  which  are  formed  are  absorbed 
with  considerable  speed,  this  being  responsible  for  the  symptoms  de- 
veloping in  the  animal.  It  is  not  likely,  therefore,  that  we  could  find 
at  any  one  time  a  sufficient  amount  of  the  toxic  substance  present  in 
the  limited  quantity  of  blood  serum  which  we  can  readily  inject  into 
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an  animal  or  instil  into  the  Dale's  bath,  to  expect  to  obtain  acute 
reactions.  For  with  bacterial  anaphylaxis  especially,  it  must  be 
remembered  that  acute  shock  is  obtained  with  no  great  regularity 
and  only  in  animals  highly  sensitized  when  considerable  quantities  of 
bacterial  antigen  are  administered. 

Figs.  8  and  9  demonstrate  incidentally  that  the  conditions  ob- 
served with  bacterial  antigens  are  to  a  great  extent  similar  to  those 
observed  when  other  cellular  antigens,  such  as  erythrocytes,  are  used. 
Fig.  8  shows  a  typical  reaction  with  the  uterus  of  a  guinea  pig  which 
had  received  2  cc.  of  amboceptor  intraperitoneally  3  days  before, 
when  hemolyzed  red  cells  were  added  to  the  bath,  and  also  indi- 
cates subsequent  desensitization ;  and  Fig.  9  shows  the  complete 
failure  of  reaction  when  the  cells  are  added  as  "whole"  cells  unhemo- 
lyzed  to  a  similarly  sensitized  organ.  Reaction  can  be  elicited  by  cells 
hemolyzed  with  distilled  water  or  hemolyzed  directly  in  the  Locke's 
bath  by  the  addition  of  amboceptor  and  complement,  thus  showing  the 
preliminary  function  of  solution  of  the  cells  in  the  blood  stream  car- 
ried out  by  the  circulating  antibodies.  We  do  not  insert  a  chart  to 
show  this  because  these  records  are  very  long  owing  to  the  necessity  of 
allowing  plenty  of  time  between  the  instillation  of  amboceptor,  com- 
plement, and  red  cells,  to  eliminate  non-specific  irritation  of  the 
uterus  by  these  substances  separately.  The  results  were  clear-cut, 
contraction  usually  beginning  at  about  the  time  when  hemolysis 
began  and  progressively  increasing  towards  its  completion. 

Another  point  which  formed  an  important  part  of  our  scheme  of 
work  was  the  study  of  the  possible  influence  of  circulating  antibodies 
upon  the  reaction  between  antigen  and  sensitized  tissues.  To  obtain 
light  on  this  subject,  we  proceeded  by  the  following  two  methods. 
In  one  series  of  experiments  antiserum  was  injected  into  sensitized 
animals  just  before  the  injection  of  antigen,  in  order  to  ascertain 
whether  by  this  means  shock  was  diminished  or  eliminated.  In 
another  series,  antigen  was  incubated  for  from  1  to  3  hours  with 
antiserum  and  the  mixture  instilled  into  Locke's  baths  containing 
sensitized  uteri. 

An  experiment  by  the  former  manner  of  procedure  is  as  follows : 
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Experiment  8. — Apr.  7,  1917.  2.30  p.m.  Passively  sensitized  guinea  pig, 
weight  190  gm., receives  intravenously  0.5  cc.of  strong  typhoid  antiserum.  After 
14  minutes  receives  3  cc.  of  typhoid  antigen.  Very  slight  symptoms;  breathing 
slightly  labored  but  runs  about  immediately  and  shows  hardly  any  illness  for 
the  first  10  or  15  minutes. 

Passively  sensitized  guinea  pig  of  the  same  lot  as  the  preceding  animal.  Ag- 
glutinin titer  about  1:  160.  Receives  3  cc.  of  typhoid  antigen.  Very  sick  im- 
mediately; coughs  and  breathes  irregularly.  Much  sicker  than  the  preceding 
guinea  pig. 

These  two  animals  represent  a  few  of  a  considerable  number  simi- 
larly treated.  With  a  few  exceptions  it  seemed  fairly  definite  that 
the  presence  of  a  considerable  concentration  of  antibodies  in  the 
circulation  delayed  rather  than  hastened  the  development  of  acute 
symptoms. 

The  explanation  for  this  we  think  is  to  be  found  more  defixdtely  in 
the  following  experiments  with  isolated  uteri. 

Fig.  10  represents  an  experiment  in  which  the  typhoid  antigen 
which  in  substance  consisted  of  a  turbid  extract  containing  not  only 
extracted  dissolved  substances,  but  also  particles,  was  exposed  to  the 
action  of  antiserum  until  a  heavy  precipitate  had  formed.  This 
precipitate  was  then  washed  and  added  to  the  Locke's  bath.  No  reac- 
tion resulted.  The  clear  supernatant  fluid,  however,  gave  a  sharp 
reaction  in  all  cases,  whether  or  not  we  added  an  excess  of  antiserum 
and  reincubated. 

Inasmuch  as  our  antiserum  gave  only  a  slight  precipitation  with 
clear,  filtered  typhoid  extract,  it  remained  uncertain  whether  or  not 
the  experiment  represented  by  Fig.  10  meant  only  that  undissolved 
particles  had  been  precipitated  or  whether  it  also  signified  that  a 
part  of  the  dissolved  antigen  was  rendered  useless  by  the  antibodies. 
After  several  unsuccessful  attempts  to  obtain  a  clear  answer  to  this 
query  by  working  wdth  typhoid  antigen  and  antibody,  we  decided  to 
repeat  the  experiment  using  human  serum  as  antigen  and  antihiunan 
rabbit  serum  as  antibody.     Fig.  11  represents  such  an  experiment. 

Here  0.5  cc.  of  human  serum  in  1  cc.  of  salt  solution  was  incubated 
with  0.3  cc.  of  a  strong  antihuman  rabbit  serum.  A  heavy  precipi- 
tate formed  which  was  thrown  down  in  the  centrifuge  and  washed  once 
with  salt  solution,  then  shaken  up  in  a  small  amount  of  salt  solution 
and  added  to  the  bath  containing  a  passively  sensitized  uterus.     No 
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TABLE  I. 


Date. 

Antigen. 

^ 

ormal  guinea  pigs. 

Sensitized  guinea  pigs. 

Weight. 

Remarks. 

Weight. 

Remarks. 

1916 

cc. 

gm. 

gm. 

Mar.  31 
May  5 

3 
2 

240 

227 
205 

Lives. 

Dead  next  a.m. 
Dead  5  to  6  hrs. 

250 

215 
215 

Sensitized  Mar.  27.  No  im- 
mediate symptoms;  dead 
next  day. 

Immediate. 

Sensitized  Mar.  31.  Symp- 
toms marked;  dead  next 
a.m. 

Apr.  13 

2 

195 

Sick  but  no  shock; 
died  next  a.m. 

190 

Sensitized  on  Apr.  8.  Defi- 
nite shock;  dead  same  after- 

1 

180 

No        symptoms; 
lives. 

180 

noon. 
Mild  shock;  dead  same  after- 
noon.     Agglutinations     of 
guinea  pigs  of  same  series 
up  to  1  :  160. 

Apr.  14 

3 
(ureter). 

180 

Immediate  shock- 
like  symptoms; 
dead  next  a.m. 

180 

Sensitized  Apr.  8.  Typical 
shock;  dead  next  a.m. 
Sensitized  sick  more  rap- 
idly; mate  agglutinin, 
1  :  320. 

Apr.  15 

3 

190 

No    shock;    dead 
next  a.m. 

180 

No  shock;  lives.  Mate  ag- 
glutinin, up  to  1  :  80. 

Oct.  24 

1 

(strong). 

220 

Slight   symptoms; 
lives. 

220 

Sensitized  Oct.  28.  No 
shock;  dead  next  a.m. 
Mate  agglutinin,  up  to 
1:100. 

1917 

Jan.  19 

4 
5 

* 
200 

Immediately  sick; 
died  next  a.m. 

Distinct  moderate 
shock;  died  next 
a.m. 

* 
170 

Sensitized  Jan.  1.  Heavier 
than  control.  Shock;  died 
in  4  hrs.  Mate  agglutinin, 
1  :  100. 

5  cc.  Acute  shock;  died. 

Apr.  4 

25 

300 

No        symptoms; 
died  next  a.m. 

270 

Severe  shock;  lives.  Agglu- 
tinin, 1  :  80. 

•Error  in  records;    no  note  of  weights  made. 


HANS  ZINSSER  AND  JITLIA  T.  PARKER  431 

reaction  occurred.  However,  again  the  addition  of  the  supernatant 
fluid  to  the  same  bath  resulted  in  a  strong  reaction. 

This  experiment  was  in  entire  harmony  with  those  performed  with 
typhoid  antigen  and  antibody.  It  showed  that  antigen  precipitated 
by  antibody  was  thereby  neutralized  as  far  as  its  powers  to  react  with 
sensitized  tissues  were  concerned.  It  also  showed,  incidentally,  a 
fact  immunologists  have  known  for  some  time,  that  it  is  extremely 
difficult  to  remove  all  antigen  from  solution  by  precipitation  with 
antibody,  and  that  most  of  the  substance  of  a  specific  precipitate  is 
derived  from  the  antiserum. 

We  still  wished  to  determine  if  possible,  whether  an  animal  sen- 
sitized to  typhoid  protein  was  or  was  not  thereby  rendered  more 
vulnerable;  i.e.,  more  easily  killed  by  typhoid  antigen.  Table  I, 
constructed  from  scattered  observations  made  from  time  to  time 
throughout  our  work  gives  some  clue  to  the  question,  though  it  by 
no  means  settles  the  matter  conclusively. 

It  will  be  seen  that  as  a  rule  the  sensitized  animals  died  more 
quickly  that  did  the  normal  controls,  in  spite  of  the  fact  that  they  were 
slightly  protected  by  the  presence  of  small  amounts  of  antibody. 
This  point  will  need  further  experimentation,  which  is  already  in 
progress. 

SUMMARY. 

We  have  attempted  in  the  preceding  experiments  the  beginning 
of  an  analysis  of  bacterial  anaphylaxis  and  its  relation  to  the  occur- 
rences in  the  animal  body  during  an  infectious  disease.  We  have 
shown  that  the  sensitization  of  the  tissues  of  guinea  pigs,  as  indicated 
by  the  isolated  uterus,  required  3  to  5  days  even  when  passive  sen- 
sitization was  employed,  and  that  in  these  relations  conditions  with 
bacterial  sensitization  were  entirely  analogous  to  those  revealed  for 
serimi  anaphylaxis  by  Dale  and  Weil  especially.  It  has  become  appar- 
ent that  the  sensitized  uterus  reacted  not  at  all  with  whole  bacteria  or 
whole  red  cells,  or,  in  other  words,  that  before  reaction  with  sensi- 
tized organs  could  occur  an  extraction  or  solution  of  the  bacterial 
cell  must  take  place.  That  bacteria  yield  some  of  their  substance  to 
the  circulating  blood  during  the  course  of  infection  was  to  be  expected, 
but  it  has  been  definitely  indicated,  we  think,  by  our  complement 
fixations. 
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The  mechanism  of  injury  in  the  sensitized  animal  or  in  the  human 
being  so  far  along  in  typhoid  fever  that  antibodies  have  begun  to 
de\-elop  is  in  part  one  in  which  antigen,  derived  from  the  bacilli  and 
brought  into  solution,  or  rather  suspension,  in  the  blood  stream,  reacts 
with  antibodies  which  are  from  the  beginning,  or  have  subsequently 
become,  integral  parts  of  the  cell  protoplasm,  the  entire  process  taking 
place  within  the  cell.  This  last  point  is  indicated  by  the  failure  to 
sensitize  by  simply  soaking  the  normal  uterus  in  antiserum. 

This,  however,  cannot  be  the  entire  story  of  injury.  We  know  that 
t}'phoid  antigen  injected  into  normal  animals  in  moderate  amounts 
will  render  them  gradually  sick  and  eventually  kill  them.  Also,  a 
sufficient  amount  injected  into  a  normal  animal  will  occasionally 
produce  acute  symptoms,  in  every  respect  similar  to  the  "reaction 
produced  in  sensitized  animals  by  smaller  doses.  We  have  shown 
that  such  acute  symptoms  in  normal  animals  were  not  due  in  any 
degree  to  tissue  sensitiveness,  since  even  very  large  quantities  of 
antigen  will  produce  no  response  on  the  part  of  the  normal  uterus. 
It  is  reasonable  to  suppose,  therefore,  that  the  injury,  gradual  or 
acute,  in  the  normal  animal,  is  in  no  respect  referable  to  tissue 
sensitiveness  to  the  whole  antigen,  but  rather  must  be  referred  to 
some  series  of  phenomena  which  occur  in  the  circulation.  The  acute 
shock  of  normal  animals  may  possibly,  therefore,  be  entirely  due  to 
an  intravascular  reaction.  Whether  this  is  one  of  antigen-splitting, 
or  of  antienzyme  removal  in  the  sense  of  Jobling  is  a  point  on  which 
these  experiments  throw  no  hght. 

It  is  true  that  we  have  never  succeeded  in  producing  acute  toxic 
symptoms  either  in  the  whole  animal  or  in  the  isolated  uterus  with 
serum  from  animals  acutely  ill.  This  we  eliminate  as  negative 
e\idence  inasmuch  as  we  believe  that  the  toxic  substances  need  at 
no  given  time  be  present  in  the  blood  stream  in  sufficient  concen- 
tration to  render  such  an  experiment  successful.  They  are  probably 
absorbed  and  do  their  injury  almost  as  rapidly  as  formed,  an  as- 
sumption which  is  based  on  the  speed  with  which  symptoms  develop. 

It  is  possible,  and  not  to  be  denied  on  the  basis  of  any  experi- 
ment that  we  can  devise  at  present,  that  the  gradual  illness  of  the 
normal  animal  and  the  occasional  acute  shock  of  these  animals  may 
be  based  on  entirely  different  mechanisms.     In  both  cases,  however. 
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in  normal  animals,  they  seem  to  be  intravascular.  And  since  the 
symptoms  of  acute  shock  which  can  be  produced  in  sensitized  animals 
with  moderate  doses  can  also,  though  only  occasionally,  be  produced  in 
normal  animals  with  larger  doses,  it  is  reasonable  to  suppose  that  the 
poisons  produced  intracellularly  in  the  one  may  be  similar  to  those 
produced  intrayascularly  in  the  other. 

It  does  not  seem  likely  that  the  specific  circulating  antibodies  are 
in  any  way  sources  of  increased  injury  to  an  animal  spontaneously  in- 
fected with  bacteria.  If  sufficiently  powerful  at  the  beginning  they 
may  even  prevent  tissue  injury,  first  by  increasing  phagocytosis, 
then  by  producing  intravascular  agglutination,  and  finally,  as  indicated 
by  our  experiments,  even  by  removing  a  part  of  the  antigen  from  pos- 
sible reaction  with  the  cell,  though  in  this  last  respect  our  experi- 
ments indicate  that  they  functionate  imperfectly.  It  is  more  prob- 
able that  their  chief  protective  action  to  the  sensitized  body  lies  in 
removing  the  whole  bacteria  from  the  possibility  of  intravascular 
disintegration,  which,  as  we  have  shown,  is  prerequisite  to  anaphy- 
lactic injury  of  the  tissues  of  the  host. 

We  would  tentatively  summarize  our  opinion  as  to  the  occurrences 
in  the  typhoid-infected  body  as  follows:  Early  injury  is  probably 
due  to  disintegration  of  part  of  the  bacteria  in  the  course  of  which 
albumose-like  bodies  are  liberated,  and,  following  which,  intravascu- 
lar reactions  result  in  the  formation  of  toxic  substances,  perhaps  by 
some  form  of  proteolysis. 

Since  the  accumulation  of  bacteria  during  these  stages  is  relatively 
slight,  this  form  of  injury  probably  plays  little  part  in  producing 
symptoms.  Indeed,  the  experiment  by  which  acute  injury  is  pro- 
duced in  the  normal  guinea  pig  by  the  sudden  injection  of  several 
times  the  lethal  dose  of  partly  dissolved  bacteria,  finds  no  analogy 
in  the  spontaneously  diseased  body. 

At  this  time  the  tissues  are  not  sensitive,  but  as  antigen  absorption 
progresses  and  the  tissues  are  stimulated  to  react,  sensitiveness  de- 
velops, which  renders  them  much  more  delicately  amenable  to  in- 
jury by  direct  reaction  with  even  small  amounts  of  dissolved  but 
otherwise  unaltered  antigen.  This  process  is  directly  counteracted 
by  circulating  antibodies  which  tend  to  remove  the  bacteria  from  the 
possibility  of  yielding  their  antigen  to  solution  by  agglutinating 
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them,  aiding  phagocytosis,  and  to  a  slight  extent  even  neutralizing 
dissolved  antigen. 

It  seems  likely,  therefore,  that  the  s>Tnptoms  which  appear  as  the 
incubation  time  ends  are  largely  those  due  to  cellular  sensitization 
which  probably  begins  before  any  considerable  amount  of  circulatory 
antibodies  is  present.  The  circulating  antibodies  would  seem  to 
have  little  or  nothing  to  do  with  intravascular  injury,  the  ferments 
responsible  for  this,  however  much  it  may  occur,  probably  consisting 
of  the  non-specific  proteases  studied  in  this  connection  by  JobHng. 

Finally  it  appears  that  highly  sensitized  animals  are  more  easily 
killed  by  typhoid  antigen  than  are  normal  animals,  provided  they  do 
not  dispose  over  unusually  large  amounts  of  circulating  antibodies. 

Cure  would  consist  of  a  gradual  checking  of  growth  and  final 
destruction  of  the  bacteria,  and  the  consequent  cessation  of  anti- 
gen hberation,  but  dehcate  hypersusceptibihty  would  probably  per- 
sist for  some  time  after  cure  and  immunity  have  been  established. 
Just  what  the  relation  between  tissue  hypersusceptibihty  and  immu- 
nity is  remains  a  problem  for  further  study. 

EXPLANATION  OF   PLATES. 

Plate  38. 

Fig.  1.  Typical  reaction  of  sensitized  uterus  to  typhoid  antigen. 

Fig.  2.  Repeated  spasm  on  inoculation  of  large  amounts  of  antigen.  A  reac- 
tion like  this  was  obtained  very  exceptionally.  No  other  was  obtained  in  which 
the  same  degree  of  repetition  was  noticed. 

Fig.  3.  Failure  of  normal  uterus  to  react  to  typhoid  antigen.  This  uterus 
had  been  soaked  in  immune  serum  for  3^  hours. 

Fig.  4.  Failure  of  normal  uterus  to  react  to  typhoid  e.xtract  in  spite  of  the 
repeated  inoculation  of  large  amounts.  The  amounts  instilled  in  the  bath  in 
this  case  were  at  least  four  times  greater  than  sufficient  to  kill  a  guinea  pig  of 
the  same  size. 

Fig.  5.  Failure  of  sensitized  uterus  to  react  to  large  doses  of  living  typhoid 
bacilli. 

Plate  39. 

Fig.  6.  Another  instance  of  the  failure  of  living  typhoid  bacilli  in  large  amounts 
to  stimulate  sensitized  uterus. 

Fig.  7.  Failure  of  normal  uterus  to  react  when  the  serum  of  a  guinea  pig  dying 
of  living  typhoid  bacilli  was  added.  Attempt  to  demonstrate  proteotoxin  in 
serum  of  a  typhoid-infected  animal. 
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Fig.  8.  Typical  reaction  of  the  uterus  of  a  guinea  pig  passively  sensitized 
with  amboceptor  when  hemolyzed  red  cells  are  added. 

Fig.  9.  Uterus  of  a  guinea  pig  passively  sensitized  to  red  cells.  The  chart 
shows  the  failure  of  reaction  when  cells  are  intact  and  reaction  when  cells  are 
disintegrated  by  hemolysis. 

Fig.  10.  Uterus  passively  sensitized  to  tj'phoid  antigen.  The  chart  shows 
the  failure  to  react  when  precipitate  produced  by  the  action  of  antiserum  is  added. 
Reaction  when  supernatant  fluid  of  such  a  mixture  is  added. 

Fig.  11.  Uterus  passively  sensitized  to  human  serum.  Failure  of  reaction  when 
precipitate  produced  by  reaction  of  human  serum  and  antihuman  serum  is  added, 
but  prompt  reaction  when  the  supernatant  fluid  of  such  a  precipitin  reaction  is 
instilled  into  the  bath. 


INCREASED  VIRULENCE  OF  THE  HOG-CHOLERA  BACIL- 
LUS PRODUCED  BY  PASSAGE  THROUGH  RABBITS. 

By  carl  TENBROECK,  M.D. 

{From  the  Department  of  Anitnal  Pathology  of  The  Rockefeller  Institute  for  Medical 

Research,  Princeton,  N.  J.) 

(Received  for  publication,  May  18,  1917.) 

In  a  previous  paper  (1)  the  writer  mentioned  the  attempt  to  modify  the  carbo- 
hydrate reactions  of  a  culture  of  the  hog-cholera  bacillus  by  passing  it  through 
a  series  of  rabbits.  The  only  change  noted  was  an  increase  in  virulence,  and  it 
is  the  object  of  this  paper  to  record  this  change. 

Since  the  time  of  Pasteur  many  organisms  have  had  their  virulence  increased 
by  animal  passages  but  the  recorded  results  of  the  passage  of  the  hog-cholera 
bacillus  through  rabbits  are  somewhat  conflicting.  Moore  (2)  passed  a  typical 
organism  through  a  series  of  twenty-six  rabbits  and  concluded  that  there  was  no 
increase  in  virulence  for  this  animal.  He  judged  the  virulence  by  the  time  taken 
to  kill  the  animal  and  did  not  consider  the  amount  of  culture  necessary  to  produce 
death.  Previous  to  this  Selander  (3)  had  reported  the  rapid  increase  in  virulence 
of  a  hog-cholera  bacillus  by  rabbit  passages  and  his  work  was  apparently  confirmed 
by  Metchnikoff  (4).  Smith  and  Moore  (5)  had  shown,  however,  that  Metchni- 
koff  was  working  with  the  swine-plague  bacillus  and  as  Moore  could  not  confirm 
the  work  of  Selander  he  concluded  that  the  latter  was  probably  also  working 
with  the  swine-plague  organism. 

Smith  (6)  later  worked  with  a  culture  of  the  hog-cholera  bacillus  of  low  initial 
virulence  further  attenuated  by  age,  which  woiild  not  kill  rabbits  when  injected 
under  the  skin.  By  animal  passages,  he  increased  the  virulence  to  the  point 
where  subcutaneous  injections  were  fatal. 

Later  Smith  and  Reagh  (7)  in  attempting  to  modify  the  agglutinability  of  a 
strain  of  the  hog-cholera  bacillus,  passed  it  through  a  series  of  fourteen  rabbits. 
As  a  result  of  this  passage  the  virulence  was  increased  from  a  minimal  fatal  dose 
of  0.1  CO.  in  the  stock  strain  to  0.00001  cc.  in  the  passage  strain.  It  has  already 
been  pointed  out  (1)  that  this  increased  virulence  still  persists  to  a  certain  degree 
after  a  lapse  of  15  years. 

The  organism  with  which  we  worked  is  a  stock  culture  known  as 
Hog-cholera  XII.  It  was  isolated  by  Dr.  Smith  in  1914  from  the 
spleen  of  a  pig  dying  from  hog-cholera.  Soon  after  this  it  was  passed 
through  a  rabbit  and  since  that  time  it  has  been  kept  on  slant  agar 
in  the  cold,  transfers  being  made  monthly. 
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Culturally  it  is  a  motile,  Gram-negative  rod,  growing  readily  on 
the  ordinary  media  and  forming  acid  and  gas  in  dextrose  bouillon 
but  not  attacking  lactose  or  saccharose.  It  is  quantitatively  agglu- 
tinated by  serum  from  rabbits  injected  with  other  strains  of  the 
hog-cholera  bacillus  and  when  injected  into  animals  it  causes  the 
production  of  agglutinins  for  other  strains  of  the  hog-cholera  bacillus. 

Starting  in  January  1916  this  culture  was  passed  through  a  series 
of  eleven  rabbits;  the  essential  details  of  this  passage  will  be  found  in 
Table  I.  The  passage  was  made  directly  from  one  animal  to  the 
next  by  using  a  suspension  of  crushed  spleen  for  the  inoculation. 
After  the  third  transfer  the  inoculation  was  made  by  rubbing  a  small 
amount  of  the  spleen  suspension  into  the  shaven  skin  of  the  next 
rabbit. 

TABLE  I. 
Passage  of  Hog-Cholera  XII  through  Rabbits. 


Pas- 
sage. 

Weight 
of  rab- 
bit 

Method  of  infection. 

Material  and  dose. 

Length 
of  life. 

Remarks. 

gm. 

days 

1 

1,199 

Subcutaneous. 

0.5  cc.  of  24  hr.  bouillon 
culture. 

6 

Typical  lesions. 

2 

1,172 

(( 

Spleen  suspension. 

6 

<(            « 

3 

1,274 

« 

((              (I 

7 

li            << 

4 

1,305 

Cutaneous. 

li                   a 

7 

((            (< 

5 

1,430 

il                  l( 

7 

«                a 

6 

2,073 

«                  « 

9 

((                <( 

7 

2,089 

<(                  l( 

10 

<(                « 

8 

2,273 

i<                  (( 

8 

«                <( 

9 

2,029 

((                   (< 

7 

(<                « 

10 

2,308 

Subcutaneous. 

0.000001   cc.    of    24    hr. 
bouillon   culture   from 
Rabbit  9. 

9 

<<                « 

11 

2,336 

(( 

0.00000001  cc.  of  24  hr. 
bouillon   culture   from 
Rabbit  10. 

6 

<(                (< 

It  would  be  difficult  to  estimate  accurately  the  relative  virulence 
of  this  culture  from  the  duration  of  the  disease  in  the  various  animals 
but  a  comparison  of  the  number  of  organisms  necessary  to  kill  gives 
us  very  definite  results.  With  the  stock  culture  one  must  use  some- 
what over  0.00001  cc.  of  a  24  hour  bouillon  culture  to  produce  death. 
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Of  four  rabbits  given  a  subcutaneous  injection  of  this  amount  one 
died  in  12  days,  one  showed  an  increased  temperature  and  loss  in 
weight,  the  other  two  showed  no  effects.  One  rabbit  that  was  given 
0.001  cc.  subcutaneously  died  in  4  days.  With  the  strain  of  the  same 
bacillus  passed  through  the  rabbits,  0.00000001  cc.  of  a  24  hour 
bouillon  culture  injected  subcutaneously  into  a  rabbit  weighing  2 
kilos  causes  death  in  about  6  days.  The  passage  strain  has  therefore 
been  increased  in  virulence  about  one  thousand  times  and  plate  counts 
show  that  the  number  of  organisms  necessary  to  infect  has  been 
reduced  from  approximately  20,000  to  20. 

The  type  of  disease  produced  by  the  more  \'irulent  organism  shows 
no  striking  departure  from  that  caused  by  the  original  culture.  This 
organism  seems  to  have  a  greater  power  of  penetration  than  do  most 
cultures  of  the  hog-cholera  bacillus,  as  it  causes  only  a  slight  local 
lesion.  The  bacteria  apparently  enter  the  body  through  the  lym- 
phatics, for  the  axillary  and  inguinal  lymph  nodes  on  the  side  of 
the  inoculation  are  enlarged  and  congested  and  often  show  large 
areas  of  necrosis. 

The  passage  through  rabbits  has  produced  no  change  in  the  mor- 
phology of  the  organism  that  can  be  detected  either  in  films  made 
from  the  spleen  of  an  animal  dying  from  infection  or  in  films  made 
from  cultures.  The  passage  strain  is  sHghtly  more  motile  than  the 
original  culture  but  this  difference  is  not  marked.  It  is  also  more 
susceptible  to  agglutinins,  in  that  clumps  are  formed  in  a  shorter 
time,  but  the  readings  after  2  hours'  incubation  are  the  same.  The 
passage  of  the  original  strain  through  one  rabbit  makes  it  as  suscep- 
tible to  agglutinins  as  is  the  strain  passed  through  eleven  rabbits. 
With  some  immune  sera  the  parent  strain  is  agglutinated  in  slightly 
higher  dilutions  than  is  the  passage  strain  but  here  too  the  difference 
is  not  great. 

SUMMARY   AND   CONCLUSION. 

By  passage  through  a  series  of  eleven  rabbits  a  culture  of  the  hog- 
cholera  bacillus  has  increased  its  virulence  a  thousand  times.  A 
subcutaneous  injection  of  twenty  organisms,  or  0.00000001  cc.  of  a 
24  hour  bouillon  culture,  or  a  drop  of  a  bouillon  culture  rubbed 
lightly  into  the  shaven  skin,  produces,  in  the  rabbit,  a  characteristic 
disease  resulting  in  death  on  or  about  the  6th  day. 


440  VIRULENCE   OF   THE   HOG-CHOLERA   BACILLUS 

BIBLIOGRAPHY. 

1.  TenBroeck,  C,  /.  Exp.  Med.,  1916,  xxiv,  213. 

2.  Moore,  V.  A.,  U.  S.  Dept.  Agric,  Bureau  Animal  Industry,  Bull.  6,  1894,  97. 

3.  Selandcr,  Ann.  Inst.  Pasteur,  1890,  iv,  545. 

4.  Mctchnikoff,  E.,  Ann.  Inst.  Pasteur,  1892,  vi,  289. 

5.  Smith,  T.,  and  Moore,  V.  A.,  U.  S.  Dept.  Agric,  Bureau  Animal  Industry,  Bull. 

6,  1894,  60. 

6.  Smith,  T.,  U.  S.  Dept.  Agric,  Ann.  Rep.,  Bureau  Animal  Industry,   1895-96, 

xii  and  xiii,  161. 

7.  Smith,  T.,  and  Reagh,  A.  L..  J.  Med.  Research,  1903,  ix,  270. 


THE     SIGNIFICANCE     OF    AGGLUTININS     IN    THE     IM- 
MUNITY OF  THE  RABBIT  TO  THE  HOG- 
CHOLERA  BACILLUS. 

By  carl  TENBROECK,  M.D. 

{From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Institute  for 

Medical  Research,  Princeton,  N.  J.) 

(Received  for  publication,  May  18,  1917.) 

A  great  deal  of  experimental  work  has  been  done  on  agglutinins, 
yet  we  have  very  little  evidence  as  to  the  part  they  play  in  immunity 
to  any  given  infectious  disease.  Much  of  the  work  tends  to  show 
that  they  are  not  indicators  of  immunity  but  in  spite  of  this  the  agglu- 
tinin titer  is  often  used  as  an  index  of  immunity  after  antityphoid 
vaccination  and  when  the  titer  falls  it  is  regarded  as  an  indication  for 
revaccination.  In  the  production  of  various  immune  sera  it  is  often 
assumed  that  the  height  of  the  agglutination  titer  is  an  index  of  the 
antibody  content  but  the  evidence  on  which  this  assumption  is  based 
is  not  clear.  We  have  endeavored  to  throw  some  light  on  the  rela- 
tion of  agglutinins  to  immunity  by  the  use  of  the  highly  virulent 
culture  of  the  hog-cholera  bacillus  described  in  the  previous  paper  (1). 

A  large  part  of  the  experimental  work  on  agglutinins  has  been  done 
with  the  rabbit  and  the  horse  inoculated  with  the  typhoid  bacillus, 
and  the  great  weakness  of  this  work  is  that  in  the  former  animal  at 
least,  this  organism  does  not  produce  a  true  invasive  disease  but  acts 
only  when  large  numbers  of  bacteria  are  given.  On  the  other  hand, 
the  hog-cholera  bacillus  produces,  in  the  rabbit,  a  true  disease  re- 
sembling in  many  respects  typhoid  fever  in  man. 

HISTORICAL, 

In  1894  Smith  and  Moore  (2)  showed  that  heated  cultures  of  the  hog-cholera 
bacillus  would  not  produce  an  immunity  in  the  rabbit  but  that  the  injection  of  a 
living  attenuated  culture  would  produce  an  active  immunity  to  the  more  virulent 
organism.  They  did  not  at  this  time  study  the  agglutinins,  but  later  Smith 
and  Reagh  (3)  produced  agglutinins  by  the  injection  of  heated  as  well  as  living 
cultures  of  the  hog-cholera  bacillus. 
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Shoukevitch  (4)  reports  work  similar  to  that  to  follow  in  which,  using  the  hog- 
cholera  bacillus  and  the  rabbit,  he  showed  that  the  injection  of  heated  cultures 
caused  an  increase  in  the  complement-fixing  bodies,  agglutinins,  and  opsonins 
but  that  this  was  not  associated  with  an  immunity.  The  injection  of  a  living  cul- 
ture of  low  virulence  caused  a  very  slight  production  of  these  bodies  but  did  cause 
an  active  immunity  to  more  virulent  organisms.  Of  fifteen  animals  tested  in  this 
way,  five  showed  no  effects,  one  died  with  a  typical  septicemia,  two  died  from 
acute  intoxication,  and  seven  died  in  from  15  to  70  days  with  a  paralysis  of  various 
groups  of  muscles.  All  showed  little  or  no  increase  in  the  immune  bodies  follow- 
ing the  injection  of  the  culture  of  low  virulence. 

Whether  the  phenomenon  described  by  Bull  (5)  under  the  name  of  intra  vitam 
agglutination  is  related  to  in  vitro  agglutination  is  a  question  that  will  not  be 
considered  in  this  paper  but  we  will  consider  the  relation  of  this  phenomenon  to 
immunity  to  the  hog-cholera  bacillus.  Bull  has  recorded  experiments  with  a 
rather  large  series  of  organisms,  the  avirulent  members  of  which  are  clumped 
when  injected  intravenously  into  normal  rabbits,  while  the  virulent  members 
are  not  clumped  and  are  found  in  the  circulation  for  some  time  after  the  injection. 
When  the  bacilli  are  clumped  they  rapidly  disappear  from  the  blood  stream  and 
in  a  half  hour  after  the  injection,  films  from  the  liver  and  lungs  show  many  poly- 
morphonuclear leukocytes  filled  with  organisms.  Virulent  organisms  are  not 
clumped  in  the  circulation  of  normal  rabbits  but  are  rapidly  clumped  and  phago- 
cyted  when  injected  into  immune  animals.  Bull  says  (5)  "The  degree  of  agglu- 
tination and  opsonization  of  bacteria  within  the  animal  body  is  inversely  parallel 
to  the  infectiousness  of  the  bacteria  for  the  host"  but  he  is  careful  to  state  that 
exceptions  may  be  found  to  this  rule. 

EXPERIMENTAL. 

CiiUures  Used. — Reference  has  already  been  made  to  the  highly 
v-irulent  test  culture  (1).  The  parent  culture  that  had  not  been  passed 
through  rabbits  and  having  the  laboratory  number  XII  was  used  as 
a  vaccine  and  in  small  doses  of  the  living  culture  to  produce  an 
immunity. 

Hog-cholera  Neb.,  isolated  by  Dr.  Smith  in  1886  (6),  is  now  a  cul- 
ture of  very  low  virulence.  It  is  a  typical  hog-cholera  bacillus  except 
for  its  lessened  virulence. 

Hog-cholera  Ark.,  isolated  by  Dr.  Dinwiddle  in  1889,  was  referred 
to  by  Dr.  Smith  in  1903  (3)  and  the  cultural  characters  have  been 
reported  more  recently  (7).  It  is  an  organism  of  moderate  viru- 
lence, probably  due  in  part  at  least  to  its  prolonged  cultivation  on 
artificial  media. 
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Use  of  Heated  Cultures.  ,i 

The  first  experiment  was  made  with  a  vaccine  prepared  by  suspending  the  24 
hour  growth  from  an  agar  slant  inoculated  with  Hog-cholera  XII  in  10  cc.  of  salt 
solution  and  heating  for  1  hour  at  60°C.  The  heated  suspension  was  incubated 
over  night  and  several  loops  were  transferred  to  bouillon  in  order  to  be  sure  that 
it  was  sterile.  Having  proven  that  all  the  bacteria  had  been  killed  the  vaccine 
was  injected  subcutaneously  into  two  rabbits  of  approximately  equal  weight. 
The  first  injection  was  of  0.5  cc.  and  was  followed  in  5  days  by  1  cc.  6  days  later 
they  were  each  given  2  cc.  Both  rabbits  bore  the  injections  well,  showing  only 
a  slight  and  temporary  loss  in  weight. 

18  days  after  the  beginning  of  the  treatment  and  7  days  after  the  last  inocula- 
tion these  two  rabbits,  together  with  a  control,  were  bled  from  the  ear  vein  and 
the  serum  of  the  inoculated  animals  was  tested  for  agglutinins  against  the  strain 
of  the  hog-cholera  bacillus  with  which  they  had  been  injected  and  also  against 
the  strain  that  had  been  passed  serially  through  rabbits  and  with  which  they  were 
to  be  inoculated  in  order  to  test  their  immunity. 

In  order  that  the  rabbits  might  have  every  opportunity  to  show  any  immunity 
they  might  have  gained  by  the  injection  of  the  heated  cultures  they  were  tested 
by  the  cutaneous  method,  two  drops  of  a  24  hour  bouillon  culture  being  lightly 
rubbed  into  the  shaven  skin  of  each  animal.  This  test  was  made  2  days  after 
the  bleeding  from  the  ear  vein  and  9  days  after  the  last  injection  of  the  heated 
cultures.     The  results  of  this  experiment  are  summarized  in  Table  I. 

TABLE   I. 
Test  of  the  Power  of  Heated  Cultures  to  Produce  Agglutinins  and  Immunity. 


Rabbit 
No. 

Vaccinated. 

Limit  of  agglutination* 
for  Hog-cholera  XIL 

Weight. 

Immunity  test. 
Result  of  cutaneous  inoc- 

Stock. 

Passage 
strain. 

ulation  with  test 
culture. 

1 

Three  timps  with  heated 
culture. 

Same  as  No.  1. 

Control. 

1 

1 

gm. 

1,823 

1,889 
2,006 

Died  in  5  days. 

«          (<      '7           li 

"    "   6     "    " 

2 

12,800 
1 

12,800 

1 
12,800 
ted. 

3 

12,800 

Not  tes 

*  The  limit  of  agglutination  is  the  highest  dilution  in  which  clumps  of  bacteria 
can  be  seen  with  the  naked  eye.  A  24  hour  bouillon  culture  was  used  as  an  anti- 
gen throughout. 


It  will  be  seen  that  virhile  both  treated  rabbits  had  in  their  serujn 


agglutinins  that  could  be  demonstrated  in  a  dilution  of 


they 
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had  no  immunity.  Both  died  in  approximately  the  same  number 
of  days  after  the  inoculation  as  did  the  control.  At  autopsy  all 
three  rabbits  showed  the  same  local  as  well  as  visceral  lesions,  the 
only  essential  difference  being  that  both  vaccinated  rabbits  had  a 
small  area  of  pneumonia.  It  is  quite  possible,  however,  that  the 
latter  was  due  to  another  organism  that  was  affecting  our  stock 
rabbits. 

A  similar  experiment,  but  with  results  that  are  not  so  clear-cut,  was  made 
some  time  later.  The  preparation  of  the  vaccine  and  the  dosage  was  the  same  as 
in  the  preceding  experiment  except  that  the  culture  used  was  the  highly  virulent 
rabbit  passage  strain.  The  test  for  immunity  was  made  by  injecting  subcutane- 
ously  0.0000001  cc.  of  a  24  hour  bouillon  culture  of  the  passage  strain.  The  re- 
sults are  summarized  in  Table  II  and  show  that  of  the  vaccinated  rabbits  the  one 
that  had  the  higher  agglutination  titer  died,  while  the  other  one  survived  without 
showing  any  marked  effects  from  the  inoculation.  Examination  of  the  controls 
shows  that  we  were  using  about  the  smallest  dose  that  would  cause  an  infection, 
so  that  the  apparent  immunity  of  the  one  vaccinated  rabbit  might  be  due  to 
causes  other  than  the  injected  vaccine  such  as  a  natural  immunity  or  too  small 
an  infecting  dose.  In  spite  of  this  discordant  result  it  is  clear  that  there  was  no 
demonstrable  immunity  in  the  rabbit  with  the  higher  agglutination  titer. 


TABLE   II. 
Test  of  the  Power  of  Heated  Cultures  to  Produce  Agglutinins  and  Immunity. 


Rabbit 

Vaccinated. 

Limit  of 
agglutina- 
tion for 

test 
culture. 

Weight. 

Subcutaneous  injection  of  test  culture. 

No. 

Amount. 

Result. 

4 

Three  times  with  heated 
culture. 

Same  as  No.  4. 

Control. 
« 

1 

gm. 
2,011 

2,030 

2,683 
1,763 

cc. 
0.0000001 

0.0000001 

0.0000001 
0.00000001 

Died  in  9  days. 

No  efifect. 

Died  in  9  days. 
No  effect. 

5 

6 

7 

25,600 

1 

12,800 
0 
0 

Use  of  Living  Cultures  to  Produce  Immunity. 

The  immunization  of  rabbits  by  the  injection  of  living  cultures  of 
the  hog-cholera  bacillus  is  very  difficult,  for  their  resistance  may  be 
overcome  by  the  injection  of  too  large  doses  or  they  may  succumb  to 


CARL   TENBROECK 


445 


some  spontaneous  disease  to  which  they  seem  very  susceptible  dur- 
ing such  treatment.  We  did  succeed  in  getting  four  animals  to  the 
stage  where  they  could  be  tested  against  the  highly  virulent  culture 
and  as  the  treatment  of  each  animal  is  different  from  the  others  a 
summary  of  the  immunization  is  given  below. 

Rabbit  8. — Three  injections  of  a  non-virulent  strain  followed  by  a  mildly  viru- 
lent strain. 

June  6,  1916.  Subcutaneous  injection  of  0.01  cc.  of  a  24  hour  bouillon  culture 
of  Hog-cholera  Neb.     Slight  rise  in  temperature  but  no  loss  in  weight. 

June  20.  Subcutaneous  injection  of  1  cc.  of  a  24  hour  bouillon  culture  of  Hog- 
cholera  Neb.     Loss  in  weight  but  no  increase  in  temperature. 

July  8.  Intravenous  injection  of  0.1  cc.  of  a  24  hour  bouillon  culture  of  Hog- 
cholera  Neb.  Rise  in  temperature  but  no  loss  in  weight.  Another  rabbit  that 
had  had  the  same  injections  died  during  the  night  following  the  intravenous 
inoculation. 

July  21.  Subcutaneous  injection  of  0.1  cc.  of  a  24  hour  bouillon  culture  of 
Hog-cholera  Ark.  No  loss  in  weight  and  no  rise  in  temperature.  Previous 
tests  had  shown  that  this  culture  in  this  amount  would  kill  a  normal  animal  in 
20  days. 

This  rabbit  was  bled  three  times  after  the  last  inoculation  and  the  results  of 
the  agglutination  tests  are  given  in  Table  III. 


TABLE   III. 
Agglutination  Titer  of  the  Serum  of  Rabbit  8. 


Culture  agglutinated. 

Limit  of  agglutination 
drawn  on. 

for  serum 

Aug.  4 

Sept.  19 

Oct.  3 

Hog-cholera  XII 

1 

1 

1 

"           XII,  passage  series 

80,000 
1 

20,000 

51,200 

1 

3,200 
1 

25,600 

6,400 

Rabbit  9. — Injected   with  increasing  numbers  of  Hog-cholera  Ark.    (mildly 
virulent  strain). 

June  6,  1916.     Subcutaneous  injection  of  0.0001  cc.  of  a  24  hour  bouillon  cul- 
ture.    Rise  in  temperature  but  no  loss  in  weight. 

June  20.     Subcutaneous  injection  of  0.01  cc.  of  a  24  hour  bouillon  culture 
Rise  in  temperature  and  loss  in  weight  extending  over  a  period  of  20  days. 

July  21.     Subcutaneous  injection  of  0.1  cc.  of  a  24  hour  bouillon  culture. 
Slight  loss  in  weight  but  no  rise  in  temperature. 
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This  last  injection  was  one  that  would  kill  the  normal  rabbit,  so  no  further  in- 
jectiqns  were  given  but  the  animal  was  allowed  to  rest  until  it  was  tested  for 
immunity  to  the  highly  virulent  strain.  During  this  period  of  rest  it  was  bled 
three  times  and  the  limit  of  agglutination  for  the  hog-cholera  bacillus  determined. 
The  results  of  these  tests  are  given  in  Table  IV. 

TABLE   IV. 

Agglutination  Titer  of  the  Serum  of  Rabbit  9. 


Culture  agglutinated. 

Limit  of  s 

agglutination  for  serum 
drawn  on. 

Aug.  4 

Sept.  19 

Oct.  3 

Hog-cholera  XII                                

1 

1 
3,200 

1 
1,600 

1 

"          XII,  passage  series 

20,000 

1 
5,000 

1,600 

1 
1,600 

Rabbit  10. — Injected  with  increasing  amounts  of  Hog-cholera  XII  (virulent 
culture). 

June  20,  1916.  Subcutaneous  injection  of  0.0000001  cc.  of  a  24  hour  bouillon 
culture.     Rise  in  temperature  but  no  loss  in  weight. 

July  11.  Injection  of  June  20  repeated.  No  rise  in  temperature  and  no  loss 
of  weight. 

July  21.  Subcutaneous  injection  of  0.00001  cc.  of  a  24  hour  bouillon  culture. 
No  loss  in  weight  or  rise  in  temperature. 

Aug.  7.  Subcutaneous  injection  of  0.001  cc.  of  a  24  hour  bouillon  culture. 
No  effect  on  weight  or  temperature.     Control  rabbit  died  in  4  days. 

Aug.  19.  Subcutaneous  injection  of  0.01  cc.  of  a  24  hour  bouillon  culture.  No 
effect  on  weight  or  temperature.  The  animal  was  now  allowed  to  rest  for  some 
time  before  its  resistance  to  the  highly  virulent  strain  was  tested.  Table  V 
gives  the  results  of  the  agglutination  tests  made  during  this  period. 


TABLE   V. 

Agglutination  Titer  of  the  Serum  of  Rabbit  10. 


Culture  agglutinated. 


Hog-cholera  XII 

"  XII,  passage  series 


Limit  of  agglutination  for  serum 
drawn  on. 


Aug.  31 

Sept   17 

Oct.  3 

1 

25,600 

1 

1 
25,600 

1 
25,600 

1 

6,400 

1 

25,600 

6,400 
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Rabbit  11. — One  injection  of  a  sublethal  number  of  Hog-cholera  XII  bacilli 
(virulent  culture). 

Aug.  22,  1916.  Subcutaneous  injection  of  0.00001  cc.  of  a  24  hour  bouillon 
culture  of  Hog-cholera  XII.  Marked  loss  in  weight  and  rise  in  temperature. 
Another  rabbit  inoculated  with  the  same  amount  of  culture  at  the  same  time 
died  in  12  days.  In  Table  VI  are  given  the  results  of  the  agglutination  tests 
made  on  the  serum  of  this  rabbit  previous  to  its  inoculation  with  the  highly  viru- 
lent culture. 

TABLE   VI. 

Agglutination  Titer  of  the  Serum  of  Rabbit  11. 


Culture  agglutinated. 


Hog-cholera  XII 

"         XII,  passage  series . 


Limit  of  agglutination  for 
serum  drawn  on. 

Sept.  18 

Oct.  3 

1 

6,400 

1 
3,200 

1 

3,200 

1 
3,200 

On  Oct.  3  these  four  rabbits  together  with  two  controls  were  bled  from  the  ear 
vein  and  the  sera  tested  for  agglutinins  to  the  highly  virulent  culture.  3  days 
later  each  was  given  a  subcutaneous  injection  of  0.000001  cc.  of  a  24  hour  bouillon 
culture  of  the  highly  virulent  organism  in  order  to  test  their  immunity.  The 
necessary  data  for  the  understanding  of  this  test  together  with  the  results  are 
given  in  Table  VII.  The  subcutaneous  route  was  chosen  for  the  inoculation  in 
order  to  be  sure  that  all  the  animals  received  the  same  amount  of  culture. 

Examination  of  the  table  will  show  that  the  rabbits  previously 
injected  with  li\ang  cultures  were  not  affected  when  inoculated  with 
the  highly  virulent  culture,  whereas  the  controls  died  in  7  days. 
The  agglutination  titer  of  the  sera  of  each  of  these  immune  animals 
was  below  that  found  in  the  serum  of  the  animals  injected  with 
heated  cultures,  yet  the  latter  promptly  succumbed  to  an  inoculation 
with  this  virulent  culture  in  small  amounts. 

3  months  later  two  of  these  immune  rabbits  were  again  tested  for 
agglutinins  and  then  injected  with  a  large  amount  of  the  highly 
virulent  culture.  The  results  are  summarized  in  Table  VIII  where 
it  will  be  seen  that  one  rabbit  did  not  survive  this  severe  test  while 
the  animal  with  the  lower  titer  resisted  one  thousand  times  the 
minimal  fatal  dose. 
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TABLE   VII. 
Test  of  tlw  Pouter  of -Living  Cultures  to  Produce  Agglutinins  and  Immunity. 


Immunization. 

Test  of  immunity  to  Hog-cholera  XII, 
passage  series,  on  Oct.  6,  1916. 

i 

Date  of 
injection. 

Strain 
of  hog- 
cholera. 

Amount 
of  24  hr. 
bouillon  cul- 
ture 
injected. 

Route. 

Time 
after 
last 
injec- 
tion. 

Weight. 

Agglu- 
tination 
titer 
3  days 
before 
test  of 
immu- 
nity. 

Result  of  subcuta- 
neous injection  of 
0.000001  cc.  of 

24  hr. 
bouillon  culture. 

8 

1916 

June    6 

"     20 

July     8 

"     21 

Neb. 

<( 
Ark. 

cc. 

0.01 

1.0 
0.1 
0.1 

Subcutaneous. 

Intravenous. 
Subcutaneous. 

days 

77 

gm. 

3,028 

1 

6,400 

9 

June    6 

"     20 
July  21 

Ark. 

u 

0.0001 

0.01 
0.1 

Subcutaneous. 
<< 

77 

3,374 

1 
1,600 

No  efifect. 

10 

June  20 

July  11 
"    21 

Aug.    7 
"    19 

XII 

XII 
XII 
XII 
XII 

0.0000001 

0.0000001 
0.00001 
0.001 
0.01 

Subcutaneous. 

48 

2,768 

1 

No  effect. 

6,400 

11 

Aug.  22 

XII 

0.00001 

Subcutaneous. 

45 

2,024 

1 
3,200 

No  effect. 

12 

Normal  animal  for  control. 

0 

2,932 

0 

Died  in  7  days. 
Typical  lesions. 

13 

Normal  animal  for  control;  injection 
one-tenth  the  amount  given  other  rab- 
bits. 

0 

2,359 

0 

Died  in  7  days. 
Typical  lesions 

The  results  of  these  tests  clearly  indicate  that  an  animal  may  show 
agglutinins  to  the  hog-cholera  bacillus  in  vitro  and  yet  have  no  im- 
munity. It  cannot  be  said,  however,  that  these  bodies  have  no 
relation  to  immunity  for  they  are  present  in  the  sera  of  all  the 
immune  animals  though,  at  the  time  of  the  test,  not  in  as  high  dilu- 
tions as  in  the  vaccinated  rabbits. 
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TABLE    VIII. 
Test  of  the  Power  of  Living  Cultures  to  Produce  Agglutinins  and  Immunity. 


Immunization. 

Agglutination 
titer  3  days  before 
test  of  immunity. 

Test  of  immunity. 

No. 

Amount  of  24 

hr.  bouillon  culture 

injected. 

Result. 

8 

11 

6 

7 

See  Table  VII. 

"     VII. 
Control. 

1 

1,280 

1 

640 

0 

0 

cc. 

0.0001 
0.0001 

0.0000001 
0.00000001 

Died  in  8  days. 

Slight  rise  in  temper- 
ature. 
Died  in  9  days. 
No  effects. 

Attempts  have  been  made  to  differentiate  after  the  method  of 
Joos  (8)  the  agglutinins  in  the  vaccinated  rabbit  from  those  found 
in  the  immune  animals.  No  difference  has  been  found  in  the  sus- 
ceptibihty  to  heat  of  the  agglutinins  from  these  two  sets  of  animals 
nor  do  the  sera  act  differently  on  heated  bacteria. 


Intra  Vitam  Agglutination. 

The  work  of  Bull  (5)  suggested  the  comparison  of  the  intra  vitam 
agglutination  in  vaccinated  rabbits  and  in  those  immunized  by  the 
use  of  hving  cultures.  When  a  suspension  of  the  Hving  organisms 
from  the  highly  \irulent  strain  are  injected  intravenously  into  either 
of  these  animals  they  are  promptly  clumped  and  rapidly  disappear 
from  the  circulation.  Films  made  from  the  liver  half  an  hour  after 
the  injection  show  cells  packed  with  bacteria.  Most  of  the  phago- 
cytic cells  found  were  polymorphonuclear  leukocytes  but  a  few 
phagocytic  endothelial  cells  were  also  present.  No  dift'erence  was 
noted  in  the  reactions  of  animals  from  the  two  sets  though  one  was 
immune  and  the  other  was  very  susceptible  to  the  bacterium  injected. 
The  most  interesting  phase  of  this  work  was  that  the  control  animals 
also  showed  t>-pical  intra  vitam  clumping.  This  fact  was  verified 
repeatedly  but  only  one  experiment  will  be  given. 

The  growth  from  two  24  hour  agar  slants  inoculated  with  Hog-cholera  XII 
passage  virus  was  suspended  in  15  cc.  of  salt  solution.     Shaken  and  centrifugal- 
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ized  for  ^  hour.  Removed  the  supernatant  fluid  and  suspended  the  residue  in 
5  cc.  of  salt  solution  and  shook  vigorously  to  break  up  clumps.  Injected  intra- 
venously into  a  normal  rabbit  weighing  2,270  gm.  Blood  removed  from  the  heart 
at  stated  intervals  and  dilutions  made  for  plate  cultures.  The  first  dilution  was 
made  in  a  glass-stoppered  bottle  and  was  shaken  for  some  time  to  break  up 
clumps.  At  the  same  time  films  were  made  that  later  were  stained  with  Manson's 
methylene  blue.  The  findings  in  the  films  as  well  as  the  results  of  the  plate 
counts  are  given  in  Table  IX. 

40  minutes  after  the  injection,  the  rabbit  was  chloroformed  and  films  were  made 
from  the  liver.     Cells  containing  bacteria  were  present  but  were  not  numerous. 

TABLE   IX. 

Intra  Vitam  Agglutination  Test  Using  a  Normal  Rabbit. 


Time  after 
injection. 

Bacteria  per 

cc.  in  heart's 

blood. 

Result  of  examination  of  film. 

min. 

su. 

0 

31 

30,000,000 

Large  clumps  of   bacteria  embedded  in 
homogeneous  mass. 

a  blue-staining 

2 

30 

4,800,000 

No  bacteria  found. 

5 

24 

5,950,000 

((          «            « 

15 

0 

75,000 

U                   ((                      (( 

30 

0 

117,000 

"             "                " 

This  experiment,  as  well  as  the  others  made,  shows  that  in  the 
normal  rabbit  there  is  a  prompt  clumping  of  the  injected  bacteria, 
a  rapid  disappearance  from  the  blood  stream  as  shown  by  films  and 
plate  counts,  and  a  phagocytosis  of  the  bacteria  by  cells  in  the  Hver 
and  in  other  organs.  The  centrifugaHzation  of  the  bacteria  had 
nothing  to  do  with  the  clumping  for  it  occurred  in  other  animals  where 
a  suspension  made  directly  from  the  agar  slant  was  injected.  When 
the  dilutions  of  blood  were  not  shaken  in  glass-stoppered  bottles, 
plates  made  30  minutes  after  the  injection  and  containing  500  cc.  of 
blood  were  sterile. 

SUMMARY   AND    CONCLUSION. 


Rabbits  may  show  a  high  agglutination  titer  to  the  hog-cholera 
bacillus  and  have  no  immunity  and  on  the  other  hand  immune  ani- 
mals may  have  a  comparatively  low  agglutination  titer.  In  other 
words,  with  this  organism  the  height  of  the  agglutination  titer  does 
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not  indicate  the  degree  of  immunity.  As  this  bacillus  so  closely 
resembles  the  t>^hoid  bacillus  biologically  and  pathologically,  it 
seems  safe  to  conclude,  until  evidence  is  brought  forth  to  the  contrary, 
that  in  man  the  height  of  the  agglutination  titer  does  not  indicate  the 
actual  degree  of  immunity  to  the  latter  organism.  The  same  would 
apply  to  other  members  of  the  typhoid-colon  group.  It  would  not 
be  wise  to  draw  a  more  general  conclusion  until  other  organisms 
have  been  tested.  This  does  not  mean  that  agglutinins  are  not 
related  to  immunity  but  it  brings  up  the  question  of  the  wisdom  of 
using  them  as  a  guide  in  immunization  with  the  colon-typhoid  group. 
When  injected  into  the  normal,  vaccinated,  or  immune  rabbit,  the 
virulent  hog-cholera  bacillus  is  rapidly  clumped  and  disappears  from 
the  circulation.  40  minutes  after  injection  these  organisms  can  be 
found  in  phagocytes  in  the  Hver.  The  fact  that  the  normal  rabbit 
gives  this  intra  vitmn  agglutination  is  an  exception  to  the  findings  of 
Bull  that  virulent  organisms  remain  in  the  circulation  for  some  time 
after  injection. 
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THE  NEUTRALIZATION  OF  ANTIPNEUMOCOCCUS  IM- 
MUNE BODIES  BY  INFECTED  EXUDATES 
AND  SERA. 

By  RUFUS  cole,  M.D. 
(Frbm  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  1,  1917.) 

That  sterile  filtered  inflammatory  exudates  have  the  power  to  modify  the 
course  of  infection  was  noted  long  ago.  The  chief  discussion  concerning  the 
nature  of  this  phenomenon  has  been  carried  on  by  Bail  and  his  associates  and  by 
those  who  have  contraverted  their  views.  Bail^  gave  to  the  hypothetical  sub- 
stances existing  in  pathological  exudates,  which  alter  the  course  of  infection, 
the  name  "aggressins."  He  thought  that  they  were  secreted  by  the  bacteria 
during  their  growth  in  the  animal  body  and  acted  by  inhibiting  or  by  neutralizing 
the  defensive  mechanisms  of  the  body.  According  to  this  investigator  it  is  to 
these  substances  that  the  bacteria  owe  their  power  to  invade  the  body  tissues  and 
therefore  it  is  upon  their  ability  to  form  them  that  the  property  of  virulence 
depends. 

Wassermarm  and  Citron^  have  opposed  the  view  of  Bail  that  these  so  called 
aggressins  represent  substances  set  free  by  the  bacteria  during  their  struggle 
against  the  protective  agencies  of  the  body,  and  believe  that  they  represent 
merely  bacterial  substances  which  may  go  into  solution  either  within  the  body  or 
during  growth  or  autolysis  in  vitro,  and  that  these  substances  act  by  fixing  the 
himioral  immune  bodies  and  so  rendering  them  inefi^ective;  that  the  mode  of 
action  of  these  substances  therefore  does  not  differ  from  that  of  dead  bacteria. 
It  is  not  german  to  the  present  discussion  to  consider  the  large  amount  of  evidence 
which  has  been  brought  forward  to  support  the  contending  views,  the  chief  pur- 
pose of  the  present  paper  being  to  record  the  demonstration  of  large  amounts  of 
substances  which  neutralize  immvmity  principles  in  the  blood  and  exudates  of 
animals  infected  with  pneumococci,  and  to  indicate  the  importance  of  these 
substances  in  the  specific  therapy  of  acute  lobar  pneumonia. 

The  part  which  these  substances  play  in  experimental  pneumococcus  infec- 
tions, especially  their  effect  on  phagocytosis,  has  been  studied  by  Hoke,^  Rose- 

1  Bail,  O.,  Arch.  Hyg.,  1905,  lii,  272. 

^  Wassermann,  A.,  and  Citron,  J.,  Deutsch.  med.  Woch  ,  1905,  xxxi.  1101. 
3  Hoke,  E.,  Wien.  klin.  Woch.,  1905,  xviii,  348. 
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now,^  Tschistowich  and  Jurewich,^  Zade,^  and  Nunokawa^  Tschistowich  and 
Jurewich  have  made  the  observation  that  thoroughly  washing  virulent,  non- 
phagocytable  pneumococci  in  salt  solution  is  sufficient  to  render  them  phago- 
cytable.  Rosenow,  as  well  as  Tschistowich  and  Jurewich,  has  also  observed 
that  treating  non-virulent,  phagocytable  pneumococci  with  the  washings  from, 
or  extracts  of  virulent  pneumococci  is  suflTicient  to  render  the  former  non-phago- 
cytable  and  therefore  virulent,  and  he  has  found  that  this  property  is  retained 
even  after  washing  in  salt  solution.  This  writer  has  given  to  the  hypothetical 
substances  which  may  be  extracted  from  virulent  pneumococci  the  name  "viru- 
lin,"  and  Tschistowich  and  Jurewich  have  given  to  the  substances  which  they 
have  obtained  by  somewhat  similar  methods  the  name  "anti-phagin." 

It  is  evident  that  these  observations,  especially  those  of  Rosenow, 
would  render  necessary  an  entirely  different  conception  of  the  phe- 
nomenon from  that  held  by  Wassermann  and  Citron. 

In  a  considerable  number  of  experiments,  however,  I  have  been 
unable  to  confirm  the  observations  of  Rosenow  that  non-virulent 
pneumococci  may  absorb  and  fix  something  derived  from  virulent 
pneumococci  which  renders  the  former  virulent,  and  for  the  present, 
therefore,  I  am  inclined  to  accept  the  explanation  offered  by  Wasser- 
mann and  Citron,  especially  since  this  conception  is  sufficient  to 
explain  all  the  following  observations. 

The  first  observations  on  which  this  communication  is  based  were 
made  on  the  fluid  removed  from  the  chests  of  persons  suffering  from 
empyema.  The  fluid  from  these  cases  was  examined  for  its  content 
in  pneumococcus  immune  bodies  as  tested  by  agglutination  and  pro- 
tection. Similar  tests  of  the  patient's  blood  showed  that  it  possessed 
well  marked  protective  and  agglutinative  properties,  and  we  were 
therefore  surprised  when  we  found  that  the  empyema  fluid  possessed 
no  such  powers.  A  probable  explanation  seemed  to  be  that,  although 
the  immune  bodies  were  originally  present  in  the  exudate,  they  had 
been  absorbed  by  the  bacteria  present,  just  as  they  may  be  from 
immune  blood  serum  when  bacteria  are  adced  in  vitro.  It  occurred 
to  us,  however,  to  test  this  empyema  fluid  after  removal  of  bacteria, 
to  determine  whether  or  not  there  might  be  present  soluble  substances, 

"  Rosenow,  E.  C,  /.  Iiifecl.  Dis.,  1907,  iv,  285. 

^  Tschistowich,  N.,  and  Jurewich,  Y.,  Ann.  Inst.  Pasteur,  1908,  xxii,  611. 

^Zade,  M.,  Z.  Immunitatsforsch.,  Orig.,  1909,  ii,  81. 

^  Nunokawa,  K.,  Z.  Immunitalsjorsch.,  Orig.,  1909,  iii,  172. 
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which  would  fix  or  divert  the  immune  substances  contained  in  immune 
serum.     The  following  is  a  protocol  of  one  experiment. 

Case  1. — E.  R.;  age  19  years.  Acute  lobar  pneumonia  followed  by  empyema 
due  to  rnciunococcus  Type  I.  200  cc.  of  thick  pus  were  removed  at  operation. 
A  portion  of  the  fluid  was  centrifugalized  at  high  speed  for  30  minutes,  the  super- 
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Text-Fig.  1.  Protocol  of  an  experiment  showing  the  inhibiting  action  of 
empyema  fluid  on  the  agglutiiation  of  pneumococci  by  immune  serum. 

natant  fluid  was  removed  to  a  fresh  centrifuge  tube  and  again  centrifugalized 
for  1  hour,  and  finally  diluted  with  an  equal  quantity  of  isotonic  sahne  solution 
and  again  centrifugalized  for  30  minutes.  The  perfectly  clear  fluid  as  examined 
mi  roscopically  contained  no  organisms. 

This  fluid  was  then  tested  for  its  power  to  cause  agglutination  of  Type  I  pneu- 
mococci and  also  for  its  power  to  inhibit  the  agglutination  of  pneumococci  by 
Tj^je  I  immune  serum.     The  results  are  given  in  Text-fig.  1. 
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The  fluid  was  then  tested  for  its  power  to  inhibit  the  protective  action  of 
immune  serum  against  infection  with  Type  I  pneumococci  as  tested  in  mice.  To 
guard  against  the  possibility  that  the  fluid,  cenlrifugalized  as  noted  above,  might 
contain  an  occasional  pneumococcus  which  might  interfere  with  the  result,  it 
was  heated  for  30  minutes  at  56°C.  Cultures  made  from  this  fluid  were  sterile.* 
Text-fig.  2  gives  the  results  of  this  experiment.  They  show  in  a  striking  way 
that  empyema  fluids  may  contain  large  amounts  of  soluble  substances  which 
inhibit  the  action  of  immune  serum. 
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Text-Fig.  2.  Protocol  of  an  experiment  showing  the  inhibiting  action  of 
empyema  fluid  on  the  protection  of  mice  by  immune  serum. 

Similar  tests  have  been  carried  out  with  a  series  of  these  empyema 
exudates  removed  by  aspiration  or  at  operation.  The  results  have 
not  been  so  striking  in  all  the  cases  examined  as  those  shown  in  the 
above  protocol,  though  some  degree  of  inhibition  has  been  present 
in  all  infected  cases.  Several  sterile  serous  fluids  aspirated  from  the 
chest  of  pneumonia  patients,  however,  have  not  exhibited  this 
phenomenon.  The  degree  of  inhibiting  action  is  apparently  depend- 
ent upon  the  degree  of  infection  and  the  time  the  infection  has  lasted 
before  aspiration  is  performed. 

These  observations  indicate  why  it  is  that  infections  in  the  parti- 
ally immunized  animal  tend  to  be  focal  and  why,  when  an  animal 
is  infected  with  organisms  of  slight  virulence,  the  infection  tends  to 
remain  locaHzed.  It  is  probable  that  as  soon  as  bacteria  begin  to 
grow  in  tissue  spaces  these  inhibiting  substances  appear  in  the  in- 

*  In  making  the  tests  with  mixtures  of  serum  and  fluid,  the  mixtures  were 
allowed  to  incubate  for  30  minutes  at  37°C.  before  injection. 
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flammatory  exudate,  and  when  the  fluid  is  not  readily  absorbed  the 
substances  accumulate  in  large  amounts,  so  that  finally,  as  in  empy- 
ema, it  is  practically  impossible  to  produce  a  focal  immunity  reaction 
until  the  focus  is  opened  and  the  fluid,  with  its  content  of  neutraliz- 
ing substance,  is  removed  by  drainage,  when  the  bacteria  remaining 
are  no  longer  protected  from  the  natural  or  artificial  defensive  mechan- 
isms of  the  body  and  so  may  be  overcome.  This  conception  agrees 
in  the  main  with  the  view  held  by  Bail  and  others,  though  the  appli- 
cation of  the  theory  has  previously  been  made  rather  to  the  problems 
of  virulence  and  infection  than  to  those  of  recovery.  The  observa- 
tions previously  mentioned  also  indicate  that  favorable  results  can 
hardly  be  expected  from  the  treatment  of  these  focal  infections  with 
immune  serum,  either  administered  intravenously  or  injected  directly 
into  the  focus  itself  unless  the  pathological  exudate  has  previously 
been  removed.  We  have  made  one  attempt  to  treat  a  patient  suffer- 
ing from  empyema  by  the  direct  injection  of  immune  serum  into  the 
cavity,  but  without  apparent  effect.  These  observations  offer  the 
explanation  for  the  failure.  In  the  treatment  of  focal  infections  with 
immune  serum,  without  drainage,  it  would  be  necessary  to  inject 
sufficient  serum  to  neutralize  all  the  inhibiting  substances  present, 
as  well  as  the  amount  necessary  to  prevent  the  harmful  activities  of 
the  bacteria  themselves. 

Our  next  problem  was  to  discover  whether  or  not  the  inhibiting 
substances  appear  in  the  blood  as  a  result  of  septicemia.  This  was 
first  investigated  by  inoculating  rabbits  with  very  large  injections 
of  pneumococcus  and  testing  the  blood  removed  during  the  height 
of  infection  for  the  presence  of  these  substances.  To  show  that  this 
action  is  due  to  soluble  substances,  and  not  to  the  bacteria  present, 
the  bacteria  have  been  removed  from  the  serum  by  filtration  before 
testing.  The  results  of  one  of  these  experiments  are  given  in  the 
following  protocol. 

Rabbit  1. — Weight  1,300  gm.  July  11,  1916,  12  noon.  Inoculated  intraperito- 
neally  with  1  cc.  of  peritoneal  exudate  of  a  rabbit  previously  infected  with  Type  II 
pneumococci.    5  p.m.    Blood  culture  shows  innumerable  numbers  of  pneumococci. 

July  12,  10  a.m.  Animal  very  sick.  Blood  removed  by  heart  puncture. 
Serum  removed  from  clot  and  passed  through  a  Berkefeld  filter.  Culture  of  fil- 
tered blood  sterile.     The  filtered  blood  was  tested  for  its  power  to  inhibit  the 
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agglutinating  action  of  immune  horse  serum,  Type  II.     Table  I  shows  the  results 
obtained. 

TABLE  I. 


Agglutination. 

After  30  minutes  at 
37  °C.  0.1   cc.  of 
Culture     II   was 
added     to    each 
tube. 

Results 

after  2  his. 

at   37°C. 

and  18  hrs. 

on  ice. 

0.4  cc.  of  Immune  Serum  II  (1:  40)    +  0.4  cc. 

tered  serum 

0.4  cc.  of  Immune  Serum  II  (1:50)    +  0.4   cc 

tered  serum   

of   fil- 
of  fil- 

- 

0.4  cc.  of  Immune  Serum  II  (1:  100)    +  0.4  cc 
tered  serum 

of  fil- 

0.4  cc.  of  Immune  Serum  II  (1:200)    +  0.4  cc 
tered  serum 

.  of  fil- 

0.4  cc.  of  Immune  Serum  II  (1:  40)    +  0.4  cc. 
solution 

of  salt 

+  + 

0.4  cc.  of  Immune  Serum  II  (1:  50)    +  0.4  cc. 
solution        

of  salt 

+  + 

0.4  cc.  of  Immune  Serum  II  (1:  100)  +   0.4  cc. 
solution  

of  salt 

+  4- 

0.4  cc.  of  Immune  Serum  II  (1:  200)  +  0.4  cc. 
solution 

of  salt 

+  + 

0.4  cc.  of  Immune  Serum  II  (1:  400)  +  0.4  cc. 
solution          .       "... 

of  salt 

+ 

0.8  cc.  of  salt  solution 

0 

The  results  of  this  and  other  similar  experiments  show  that  spe- 
cific inhibiting  substances  such  as  those  which  are  present  in  patho- 
logical exudates  may  also  be  present  in  the  blood  when  an  animal  is 
suffering  from  a  severe  septicemia. 

Another  method  which  has  been  used  for  testing  the  presence  of 
inhibiting  substances  in  the  blood  is  the  following.  A  rabbit  is  in- 
fected with  pneumococci  and  after  the  infection  has  reached  its  height 
immune  serum  is  injected  intravenously.  At  the  same  time,  and  as  a 
control,  a  normal  rabbit  receives  the  same  amount  of  immune  serum 
intravenously.  Within  a  few  minutes  and  at  varying  periods  fol- 
lowing the  injection  of  the  serum,  samples  of  blood  are  removed 
from  both  rabbits  and  tested  for  their  content  in  antibodies.  For 
this  purpose  agglutination  is  employed.  If  no  neutralization  of 
antibodies  occurs,  it  is  evident  that  the  content  of  the  blood  in  agglu- 
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tinins  immediately  following  the  injection  should  be  the  same  as 
though  the  immune  serum  had  been  diluted  in  vitro  with  a  quantity 
of  fluid  equal  to  the  blood  contained  in  the  rabbit,  and  that  by  making 
repeated  tests  a  curve  showing  the  disappearance  of  the  immune 
bodies  by  destruction  or  excretion  may  be  constructed.  As  a  matter 
of  fact,  numerous  observations  in  normal  rabbits  have  shown  that 
when  the  rabbit's  blood  is  tested  within  a  few  minutes  following  the 
injection  of  immune  serum,  its  content  in  agglutinins  is  about  that 
to  be  expected  when  the  probable  volume  of  blood  in  the  rabbit  and 
the  consequent  dilution  of  the  immune  serum  is  calculated.  On  the 
other  hand,  when  a  similar  injection  is  made  into  an  infected  animal, 
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Text-Fig.  3.  Curves  showing  the  agglutinating  power  of  the  serum  of  normal 
and  infected  rabbits  following  the  injection  of  immune  horse  serum. 

the  agglutinating  power  of  the  serum  obtained  from  it  is  much  less 
than  that  calculated  from  the  probable  dilution;  indeed,  aggluti- 
nating power  may  be  entirely  absent.  ^Moreover,  when  the  agglu- 
tinating powder  is  present,  though  lower  than  that  of  the  serum  of 
the  normal  rabbit,  and  curves  are  made  to  show  the  disappearance 
of  the  agglutinating  power,  it  is  found  that  the  agglutinins  disappear 
much  more  rapidly  from  the  serum  of  the  infected  rabbit  than  they 
do  from  the  serum  of  the  uninfected  rabbit.  Text-fig.  3  shows  in  a 
graphic  manner  the  results  obtained  in  one  of  these  experiments. 

In  these  experiments  the  possibility  cannot  be  excluded  that  the 
fixation  or  neutrahzation  of  antibodies  is  due  to  the  presence  of  bacteria 
circulating  in  the  rabbit's  blood,  but  pre\'ious  obser\'ations  make  it 
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improbable  that  the  entire  phenomenon  can  be  due  to  this.  It  seems 
probable  that  the  neutralization  is  due  to  a  considerable  extent  to 
the  presence  of  soluble  inhibiting  substances. 

This  last  method  of  study  is  directly  applicable  to  patients,  and 
a  study  of  this  kind  in  patients  is  of  importance  since  it  is  difficult 
to  produce  in  animals  pneumococcus  infections  which  last  over  a 
period  of  a  week  or  longer,  such  as  those  which  occur  in  man. 
Moreover,  it  was  hoped  that  this  study  would  offer  indications  for 
proper  dosage  of  serum  and  might  even  be  appHcable  in  the  treat- 
ment of  the  individual  case.  In  a  series  of  cases,  therefore,  the 
serum  has  been  tested  for  its  content  in  agglutinating  antibodies  both 
before  and  following  the  administration  of  immune  serum. 

The  method  of  procedure  was  as  follows:  Samples  of  the  patient's 
serum  were  obtained  before  any  immune  serum  was  administered  and 
also  5  minutes  following  the  first  dose.  Where  more  than  one  dose 
was  administered  (and  successive  doses  have  usually  been  given  with 
6  to  8  hour  intervals)  other  samples  were  obtained  immediately 
before  and  5  minutes  following  each  subsequent  dose.  Finally, 
following  the  last  dose,  in  certain  cases,  samples  were  obtained  at 
varying  periods  to  observe  the  persistence  of  agglutinins  in  the  blood. 
The  samples  from  each  patient  were  kept  on  ice  until  all  had  been 
obtained  and  they  were  then  tested  on  the  same  day  and  with  the 
same  technique  for  the  presence  of  agglutinins.  The  agglutination 
tests  were  made  by  the  macroscopic  method.  In  each  of  a  series  of 
small  test-tubes  was  placed  0.9  cc.  of  the  serum,  or  of  the  diluted 
serum.  To  each  of  the  tubes  was  then  added  0.1  cc.  of  an  18  hour 
broth  culture  of  pneumococcus  of  the  type  to  which  the  infection  was 
due  and  corresponding  to  the  serum  which  had  been  injected.  The 
results  were  read  by  transmitted  light  after  2  hours  at  37° C.  and 
again  after  the  tubes  had  remained  on  ice  over  night. 

Employing  these  methods,  agglutinin  curves  have  been  made 
from  30  cases  suffering  from  Type  I  infection  and  receiving  serum, 
9  cases  suffering  from  Type  II  infection,  and  also  serum  treated, 
7  cases  with  Type  II  infection,  who  received  no  serum,  4  of  Type 
III,  not  serum  treated,  2  of  Type  IV  not  serum  treated,  and  1 
case  due  to  Type  IV  infection  who,  through  a  mistake  in  diagnosis, 
received  several  doses  of  Type  I  serum,  making  a  total  of  53  cases. 


RUPUS   COLE  461 

Cases  Due  to  Type  I  Infection  Treated  with  Serum. 

Of  these  cases,  3  were  treated  on  the  2nd  day,  5  on  the  3rd  day, 
5  on  the  4th  day,  4  on  the  5th  day,  9  on  the  6th  day,  3  on  the  7th  day, 
and  1  on  the  9th  day.  All  but  two  of  the  cases  recovered.  The 
charts  and  protocols  of  several  cases,  which  illustrate  the  relation  of 
agglutinin  titer  to  the  clinical  course  and  to  the  temperature  curve, 
are  given  below. 

Case  1. — R.  R.,  student;  age  22  years.  This  patient  was  admitted  January  8, 
1917  at  7  p.m.  suffering  from  pneumonia  involving  the  left  lower  lobe.  The  onset 
had  been  quite  typical  with  chill,  48  hours  before  admission.  He  was  moder- 
ately sick;  temperature  102. 5°F.,  pulse  115,  respirations  30.  The  leukocytes 
numbered  3 1,000  and  the  blood  culture  was  positive,  the  plates  showing  one  colony 
per  cc.  of  blood.  The  sputum  was  bloody;  a  small  amount  was  at  once  inoculated 
into  a  mouse.  The  following  morning  tests  made  of  the  growth  in  the  peritoneal 
cavity  of  the  mouse  showed  that  the  patient  was  suffering  from  an  infection  with 
Type  I  pneumococci.  12.17  p.m.  The  intravenous  injection  of  antipneumococcus 
serum  was  commenced.  Although  the  serum  was  given  slowly,  after  he  had 
received  about  35  cc.  he  had  some  signs  of  serum  intoxication,  suffusion  of  the 
face,  respiratory  difficulty,  and  he  vomited  several  times.  The  administration 
of  serum  was  therefore  at  once  discontinued.  No  tests  were  made  of  the  agglu- 
tinating power  of  his  serum  before  or  after  this  treatment.  The  patient's  con- 
dition did  not  materially  change  during  the  afternoon  and  at  5  p.m.  serum  was 
again  administered;  this  time  80 cc.  were  given  without  any  untoward  symptoms. 
A  sample  of  blood  was  taken  just  before  and  another  one  5  minutes  following  the 
administration  of  the  serum.  When  tested  later,  it  was  found  that  the  blood 
before  administering  the  serum  contained  no  agglutinins  for  pneumococcus;  the 
sample  of  blood  taken  following  the  administration  of  serum  agglutinated  Type  I 
pneumococcus  in  a  dilution  of  1:15.  This  represents  a  concentration  of  anti- 
bodies fully  equal  to  that  which  might  be  expected,  taking  into  consideration  the 
titer  of  the  serum  injected  and  the  probable  volume  of  the  patient's  blood.  The 
patient's  condition  did  not  materially  improve  after  this  injection,  so  that  another 
dose  of  90  cc.  of  serum  was  administered  at  12  midnight.  A  specimen  of  blood 
which  was  obtained  just  before  this  injection  showed  that  the  agglutinating  power 
had  not  diminished  during  the  time  intervening  since  the  preceding  dose,  and  the 
specimen  of  blood  taken  5  minutes  after  the  serum  was  injected  showed  an  in- 
creased concentration  of  agglutinins,  so  that  now  agglutination  occurred  with  a 
1 :  30  dilution  of  serum.  Immediately  following  this  injection  the  temperature 
rose  to  106°F.  and  he  had  a  shaking  chill.  The  temperature  then  began  to  fall, 
being  only  98.1°F.  at  8  a.m.  With  this  fall  in  temperature,  the  patient's  condition 
markedly  improved.  During  the  day,  the  temperature  again  rose  slowly,  without, 
however,  any  other  unfavorable  features.     As  the  temperature  at  8  p.m.  was 
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102°F.,  it  was  decided  to  administer  another  dose  of  serum,  and  90  cc.  were  given, 
without  any  reaction.  The  test  of  the  patient's  serum  obtained  before  this 
treatment  showed  that  the  agglutinins  had  fallen  slightly,  agglutination  occurring 
in  a  dilution  of  1:  15,  but  after  the  treatment  the  tiler  again  rose  to  1:  40.  Fol- 
lowing this  treatment  the  patient  made  a  good  recovery. 
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Text-Fig.  4.  Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  R.  R. 

In  this  case,  therefore,  which  was  mild  or  of  only  moderate  severity, 
treated  early  in  the  disease,  the  administration  of  immune  serum  was 
followed  by  a  satisfactory  concentration  of  antibodies  in  the  blood 
and  there  was  no  evidence  of  fixation  or  neutralization  of  the  injected 
immune  substances.     This  is  graphically  shown  in  Text-fig.  4. 
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Case  2. — I.  S.,  tailor;  age  32  years.  This  patient  wasacimilled  about  8  hours  fol- 
lowing the  initial  chill.  There  were  definite  signs  of  involvement  of  both  lower 
lobes  and  he  presented  all  the  characteristic  features  of  acute  lobar  pneumonia. 
His  temperature  on  admission  was  103. 5°F.,  pulse  120,  respirations  48.  He  ap- 
peared seriously  sick;  the  blood  culture  taken  on  admission  was  positive.  The 
diagnosis  of  the  type  of  infecting  organism  was  made  by  inoculation  of  sputum 
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Text- Fig.  5.  Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  I.  S. 


into  a  mouse,  and  at  12  midnight,  12  hours  after  admission,  he  was  given  his  first 
treatment.  As  the  curves  presented  in  Text-fig.  5  show,  the  first  dose  of  serum 
imparted  to  the  blood  a  well  marked  power  of  agglutination,  and  each  subsequent 
dose  was  followed  by  an  increase  of  this  property.  With  the  increase  of  aggluti- 
nins in  the  blood  there  occurred  an  improvement  in  the  patient's  condition,  the 
temperature  fell,  and  he  finally  recovered  completely. 
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The  two  examples  given  above  illustrate  the  effects  of  serum  treat- 
ment in  the  cases  due  to  Type  I  infection,  when  the  serum  is  given 
early  and  in  large  amounts,  and  when  the  infection  has  not  reached 
too  high  a  grade  before  the  treatments  are  commenced.  Since  in 
twenty-eight  out  of  the  thirty  cases  recovery  followed  the  administra- 
tion of  the  serum,  we  did  not  have  great  opportunity  to  study  cases 
of  this  type  in  which  the  serum  was  not  effective.  In  all  the  cases 
treated  with  this  type  of  serum  agglutinins  could  be  demonstrated 
in  the  patient's  blood  2  to  3  minutes  after  the  administration  of  75 
to  100  cc.  of  serum.  The  agglutinating  power  varied  somewhat, 
though  in  most  cases  it  occurred  with  a  dilution  of  1 :  10  or  more. 
The  refinements  of  the  method  are  not  sufficient  to  justify  our  cal- 
culating in  each  case  the  probable  dilution  and  the  consequent  prob- 
able loss  in  agglutinins  in  the  short  interval  elapsing  before  the  first 
tests  were  made.  In  general,  where  the  administration  of  subsequent 
doses  of  the  serum  has  not  led  to  a  prompt  increase  of  the  agglutinins 
in  the  blood  above  the  previous  level  the  fall  of  temperature  has  been 
longer  delayed  and  more  serum  has  been  required  than  in  the  cases 
in  which  a  regular  step-like  rise  took  place.  In  comparing  the  tem- 
perature and  agglutination  curves  in  these  cases  it  has  been  necessary 
to  keep  in  mind  the  fact  that  the  temperature  alone  does  not  offer 
a  safe  and  sure  criterion  for  judging  the  patient's  condition  and  there- 
fore for  the  effectiveness  of  the  serum.  In  view  of  this  fact  it  has 
been  surprising  to  see  the  considerable  uniformity  with  which  the 
temperature  and  agglutination  curves  run  in  opposite  directions. 
With  rise  of  agglutinating  power  the  temperature  curve  falls. 

Of  more  importance  than  the  immediate  rise  in  agglutinins  follow- 
ing the  first  dose  is  probably  the  persistence  of  the  agglutinins  in  the 
blood  during  the  subsequent  8  to  10  hours  elapsing  before  the  fol- 
lowing dose  of  serum  is  given.  In  only  five  of  the  cases  did  a  decrease 
during  this  period  occur.  In  three  of  the  cases  the  loss  occurred  only 
following  the  first  dose.  Following  the  subsequent  doses  the  con- 
centration reached  a  high  level  and  persisted.  The  data  in  these 
three  cases  is  not  sufficient  to  enable  us  to  state  categorically  that  this 
loss  indicated  a  greater  severity  of  infection,  though  taken  in  connec- 
tion with  our  other  observations  this  seems  probable.  Two  of  these 
three  cases  were  treated  on  the  4th  day  and  one  on  the  6th.     They 
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required  two,  three,  and  four  doses  of  serum  respectively  and  all 
made  good  recoveries  following  the  serum  treatment.  In  one  of  the 
other  cases  in  which  the  agglutinating  power  disappeared  before  the 
following  dose  was  given,  the  concentration  of  immune  bodies  fol- 
lowing the  first  three  doses  was  such  that  agglutination  did  not  occur 
with  dilutions  greater  than  1:5,  and  following  the  first  two  doses  this 
power  disappeared  completely  before  the  subsequent  dose  was  given. 
It  was  only  after  numerous  doses  had  been  given  that  the  concen- 
tration of  agglutinins  reached  any  considerable  level  and  persisted. 
Altogether  this  patient  required  eleven  doses  of  serum  given  over  7 
days.  Treatment  was  commenced  in  this  patient  on  the  2nd  day, 
but  it  was  not  pushed  with  great  vigor  at  the  start,  the  first  dose  being 
80  cc,  with  18  hours  elapsing  before  the  administration  of  the  second 
dose  of  70  cc,  and  12  hours  again  elapsing  before  the  administration 
of  the  third  dose  of  80  cc.  This  case  suggested  very  strongly  the 
inadvisability  of  inactive  treatment  at  the  start.  This  patient 
ultimately  recovered  and  there  occurred  no  extension  of  the  lesion 
to  other  lobes,  but  the  temperature  remained  high  for  10  days  and 
he  was  very  ill.  Finally,  the  last  case  in  which  the  agglutinins  dis- 
appeared between  subsequent  doses  and  in  which  there  occurred 
difficulty  in  causing  a  persistent  concentration  of  immune  bodies  in 
the  patient's  blood  by  the  administration  of  immune  serum  was  one 
of  the  two  cases  which  ended  fatally.  The  curves  taken  from  the 
record  of  this  case  are  shown  in  Text-fig.  6.  It  is  apparent  from  the 
curves  that  it  was  not  until  treatment  had  been  continued  for  3 
days,  and  nine  doses  had  been  given,  that  a  persistent  concentration 
of  immune  bodies  at  a  high  level  w^as  attained.  Even  following  this 
there  was  a  constant  tendency  for  the  concentration  of  immune  bodies 
in  the  serum  to  fall,  rather  than  to  rise. 

It  should  be  noted  that  the  treatment  in  this  patient  was  com- 
menced only  on  the  6th  day,  and  11  and  13  hours  elapsed  between  the 
first  and  second,  and  the  second  and  third  doses,  respectively.  He  was 
desperately  ill  on  admission;  temperature  10-4.5°F.,  pulse  136,  and  the 
blood  culture  showed  an  extremely  high  grade  of  infection,  over  300 
colonies  per  cc.  In  spite  of  this  he  Hved  until  the  12th  day.  It  seems 
that  in  this  case  the  serum  prolonged  life.  The  infection  and  in- 
toxication, however,  at  the  start  were  so  great  that,  although  the 
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infection  could  be  kept  down,  the  intoxication  could  not  be  recovered 
from.  In  this  instance  it  is  likely,  judging  from  the  experimental 
observations,  that  the  presence  of  large  amounts  of  soluble  inhibiting 
substances  in  the  blood  prevented  the  action  of  the  immune  scrum. 
It  is  probable  that  in  such  cases  very  late  in  the  disease  these  sub- 
stances may  be  so  large  in  amount  that  no  practical  amount  of  immune 
substances  can  neutralize  them.  If  these  conceptions  are  correct, 
the  importance  of  gi\dng  very  large  doses  of  immune  serum  aL  the 
beginning  of  treatment  is  apparent. 

In  the  other  fatal  case,  persistent  high  concentration  of  immune 
bodies  in  the  patient's  blood  was  obtained  without  difficulty  Never- 
theless, the  patient's  condition  did  not  improve  and  repeated  doses  of 
serum  were  administered.  T}^e  I  pneumococci  had  been  obtained 
from  the  sputum,  and  the  blood  culture  showed  47  colonies  per  cc. 
of  the  same  organisms.  Treatment  was  commenced  on  the  6th  day 
and  the  patient  died  on  the  10th  day.  The  pathological  changes  were 
extensive  in  both  lungs.  The  autopsy  showed  a  very  widespread 
tuberculous  involvement  of  both  upper  lobes  and  the  upper  portion 
of  the  lower  lobe  on  each  side.  At  the  base  of  one  .lung,  however, 
was  a  small  area  of  complete  consolidation,  dififering  in  appearance 
from  the  remainder  of  the  tuberculous  lung.  This  proved  on  study 
to  be  a  tj-pical  acute  diffuse  pneumonic  process  and  from  it  T^pe  I 
pneumococci  were  cultivated.  We  have  here  an  instance  in  which  the 
serum  was  apparently  effective  against  the  specific  infection,  but 
death  occurred  on  account  of  factors  associated  with  the  primary 
and  extensive  tuberculosis. 

A  further  interesting  case  in  this  connection  was  one  due  to  Type 
IV  infection.  Owing  to  a  mistake  in  the  early  determination  of  the 
type  of  infection  the  patient  received  several  doses  of  T^pe  I  serum 
before  the  mistake  was  discovered.  In  this  patient,  although  he  was 
quite  ill,  the  administration  of  the  serum  caused  a  prompt  appearance 
of  agglutinins  in  the  blood  and  this  increased  with  the  subsequent 
doses,  without  any  material  fall. 

These  studies  of  agglutination  curves  in  the  cases  of  T^-pe  I  in- 
fection, how^ever,  while  instructive  and  suggestive,  do  not  after  all 
give  definite  proof  that  the  effect  of  immune  serum  is  limited  by  the 
presence  of  soluble  substances  in  the  blood.     When  they  are  con- 
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sidered,  however,  in  the  Hght  of  the  observations  on  the  Type  II 
cases  which  follow,  the  evidence  becomes  much  more  suggestive. 

Cases  Due  to  Type  II  Infection. 

The  reader  should  be  reminded  at  the  outset  that  it  has  been 
impossible  to  produce  a  serum  against  Type  II  pneumococci  which 
is  as  active  either  in  vitro  or  in  vivo  as  is  the  serum  against  Type  I 
pneumococci.  Whereas  the  horse  serum  against  Type  I  infection 
is  of  such  a  strength  that  0.2  cc.  will  regularly  protect  a  mouse  against 
0.1  cc.  of  virulent  culture,  it  has  been  impossible  to  produce  an  immune 
Type  II  serum  of  any  greater  activity  than  that  0.2  cc.  will  protect  a 
mouse  against  0.01  cc.  of  culture.  Moreover,  the  active  Type  I 
sera  usually  cause  agglutination  of  homologous  organisms  in  dilutions 
of  1:400  or  over;  the  Type  II  sera  usually  cause  agglutination  in 
dilutions  no  greater  than  1 :  200.  It  should  also  be  noted  that  the 
capsule  formation  of  Type  II  pneumococci  is  more  highly  developed 
than  is  that  of  Type  I  pneumococci.  Dochez  and  Avery^  have  pointed 
out  that  production  of  precipitable  substances  in  the  blood  and  urine 
of  infected  animals  apparently  bears  some  relationship  to  this  property 
of  capsule  development,  the  Type  III  organisms,  which  possess  large 
capsules,  forming  most  of  this  substance,  the  Type  II  organisms, 
which  have  smaller  capsules,  producing  less,  and  the  Type  I  organisms, 
which  have  small  capsules,  producing  still  less.  While  it  is  not  cer- 
tain that  the  substances  in  the  infected  animals  which  give  rise  to 
fixation  of  antibodies  are  identical  with  those  concerned  in  the  pre- 
cipitation phenomenon,  it  seems  likely  that  this  is  the  case. 

Studies  of  the  agglutinin  content  of  the  blood  were  made  in  nine 
cases  of  Type  II  infection  which  received  Type  II  serum.  Of  these 
patients,  four  recovered  and  five  died.  Of  the  patients  who  recovered, 
in  two  treatment  was  commenced  on  the  3rd  day,  in  one  on  the  4th 
day,  and  in  one  on  the  5th  day.  Of  the  fatal  cases,  treatment  was 
commenced  in  one  on  the  3rd  day,  in  one  on  the  5th  day,  and  in  the 
others  on  the  6th  day.  In  all  the  four  cases  which  recovered,  a 
satisfactory  and  persistent  concentration  of  agglutinins  in  the  blood 
appeared.     In  one  of  the  fatal  cases,  practically  no  agglutinins  ap- 

9  Dochez,  A.  R.,  and  Avery,  O.  T.,  J.  Exp.  Med.,  1917,  xxvi,  477. 
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peared  in  the  blood  in  spite  of  four  doses  of  serum;  in  one  a  satis- 
factory concentration  appeared  only  after  three  doses,  and  then 
disappeared;  in  another  a  satisfactory  concentration  was  obtained 
only  on  the  9th  day,  after  five  doses  of  serum;  in  another,  while 
a  satisfactory  concentration  of  agglutinins  was  obtained  on  the  day 
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Text-Fig.  7.   Chart  showing  the  curve  of  the  agglutinin  titer  and  the  tem- 
perature curve  of  E.  F. 

treatment  was  commenced,  the  6th  day,  the  patient  was  at  that  time 
suffering  from  meningitis,  from  which  he  died  2  days  later.  In  the 
remaining  case  only  one  dose  of  serum  was  given,  2  hours  before  death; 
no  agglutinating  power  appeared  in  the  blood.  Text-figs.  7  and  8 
show  graphically  the  results  of  observations  made  in  two  of  the  fatal 
cases. 
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Case  1. — E.  F.,  porler ;  age  46  years.  This  patient  was  admitted  on  the  5th  day 
of  the  disease  with  an  extensive  lung  involvement  and  very  severe  septicemia, 
the  blood  cultures  showing  1 ,000  colonies  per  cc.  His  condition  was  very  seri- 
ous ;  temperature  104°F.,  pulse  104,  respirations  64,  and,  in  spite  of  four  doses  of 
serum  within  24  hours,  the  patient  died.  It  will  be  noted  that  immediately 
following  the  administration  of  75  cc.  of  serum,  the  undiluted  blood  showed  power 
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lutinin  titer  and  the  tem- 


of  agglutination,  but  this  property  had  disappeared  within  7  hours,  and  follow- 
ing the  subsequent  doses  the  blood  showed  no  agglutinating  power  whatever. 
It  is  evident,  therefore,  that  in  this  severely  infected  case  the  immune  bodies  in 
the  serum  disappeared  from  the  blood  as  fast  as  they  were  administered. 

Case  2. — S.  F.,  clerk;  age  31  years.  This  patient,  though  admitted  early  in  the 
disease,  was  extremely  ill;  temperature  103. 3°F.,  pulse  160,  respirations  56.  The 
blood  culture  showed  400  colonies  per  cc.  and  the  following  morning,  before  the 
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first  dose  of  serum  was  given,  the  culture  showed  1,600  colonies  per  cc.  Fol- 
lowing the  first  two  doses  of  serum  there  occurred  an  immediate  appearance  of 
agglutinins  in  the  blood  in  low  dilutions,  which,  however,  disappeared  or  became 
minimum  in  amount  before  the  succeeding  doses.  In  spite  of  the  extreme  grade 
of  blood  infection,  the  number  of  organisms  present  in  the  blood  diminished  follow- 
ing these  two  doses,  the  cultures  on  the  morning  of  the  4th  day  showing  only  20 
colonies  per  cc.  There  was  a  satisfactory  increase  in  agglutinins  following  the 
third  dose,  but  it  will  be  noted  that  15  hoiu-s  were  allowed  to  elapse  between  this 
dose  and  the  succeeding  one,  and  during  this  time  the  agglutinins  had  entirely 
disappeared  and  the  subsequent  doses  produced  little  or  no  effect  on  the  agglutinin 
content  (Text-fig.  8).     The  patient  died  on  the  6th  day. 

Five  patients  suffering  from  Type  II  infection  who  received  no 
serum  were  also  studied  to  observe  the  appearance  of  agglutinins  in 
the  blood.  All  these  recovered.  In  four  of  these  instances  at  the 
end  of  the  disease  there  developed  well  marked  power  of  agglutination ; 
in  one  of  them  agglutination  in  the  serum  obtained  on  the  10th  day- 
occurred  in  a  dilution  of  1 :  100.  In  the  fifth  no  agglutinins  appeared 
in  the  blood,  though  this  was  not  studied  later  than  the  12th  day. 
This  patient  received  optochin,  as  did,  however,  several  of  the  cases 
in  which  agglutinins  developed. 

DISCUSSION. 

Neufeld  and  Haendel,'"  Dochez,^^  and  others  have  shown  that  specific 
immune  substances  usually  appear  in  the  blood  during  recovery 
from  'obar  pneumonia.  This  is  shown  by  an  increase  in  protective 
power  of  the  blood  for  mice  against  homologous  infection.  Clough'^ 
has  made  similar  observations  and  he  and  others  have  also  noted 
that  in  certain  instances  the  protective  power  is  accompanied  by 
the  power  of  inducing  in  vitro  phagocytosis  of  virulent  homologous 
pneumococci  which  are  not  phagocytable  in  normal  serum.  It 
would  seem,  therefore,  that  bacteriotropins  represent  one  form  of 
immune  body  playing  a  part  in  this  protective  phenomenon.  BulP^ 
has  brought  forward  experimental  evidence  which  indicates  strongly 
that  the  phenomenon  of  agglutination  is  of  great  importance  in  the 

^^  Neufeld,  F.,  and  Haendel,  Arb.  k.  Gsndhtsamte.,  1910,  xxxiv,  166. 

11  Dochez,  A.  R.,  /.  Exp.  Med.,  1912,  xvi,  665. 

12  Clough,  P.  W.,  Bull.  Johns  Hopkins  Hosp.,  1913,  xxiv,  295. 

13  Bull,  C.  G.,  /.  E.vp.  Med.,  1915,  xxii,  457. 
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action  of  immune  serum  in  pneumococcus  infection.  It  is  possible 
that  several  different  antibodies  or  phenomena  take  part  in  the 
mechanism  of  pneumococcus  humoral  immunity.  The  observations 
I  have  mentioned,  as  well  as  unpublished  observations  made  in  this 
laboratory,  indicate  strongly  that  natural  recovery  in  pneumonia  is 
associated  with  the  development  of  humoral  immunity  and  probably 
occurs  because  of  this  development.  In  the  individual  case,  however, 
the  factors  which  determine  recovery  or  death  cannot  be  stated  so 
simply.  In  mild  cases  probably  a  very  slight  grade  of  humoral 
immunity  may  be  sufficient  to  prevent  progress  of  the  disease,  a 
grade  of  immunity  which  can  be  detected  with  difficulty  by  our 
present  means.  In  other  instances  the  reaction  required  on  the  part 
of  the  body  may  be  very  great  and  the  immunity  phenomena  exhibited 
by  the  serum  when  tested  outside  the  body  may  be  very  vigorous  and 
marked. 

The  phenomenon  of  agglutination  offers  one  ready  means  for  testing 
the  degree  of  humoral  immunity.  It  is,  however,  not  the  only  one 
and  it  is  unsafe  to  judge  of  the  immunological  effectiveness  of  a  serum 
solely  by  its  agglutinating  strength.  The  protective  power  and 
agglutinating  power  of  immune  horse  serum,  however,  tend  to  run 
parallel.  Consequently,  the  study  of  agglutinating  power  of  the 
blood  of  patients,  such  as  has  been  made  in  the  present  instance, 
must  be  of  considerable  value  in  indicating  the  presence  or  absence 
of  humoral  immunity.  If  recovery  in  pneumonia  is  due  to  the 
development  of  humoral  immunity,  the  study  of  its  appearance 
during  recovery  and  especially  of  its  appearance  following  treatment 
with  immune  serum,  should  be  of  significance.  In  commencing  the 
study  it  was  thought  that  the  method  might  be  employed  to  graduate 
the  dosage  of  immune  serum  in  the  treatment  of  the  individual  case. 
If  recovery  is  due  to  the  appearance  of  immune  bodies  in  the  blood, 
the  ideal  serum  treatment  would  be  such  that  sufficient  serum  be 
administered  to  produce  the  required  concentration  of  immune  bodies 
and  no  more.  It  soon  became  apparent,  however,  that  such  a  method, 
testing  the  blood  before  and  after  the  administration  of  each  dose, 
involved  so  much  time  and  labor  that  it  would  not  be  of  practical 
value.  It  has  seemed,  however,  that  the  repeated  tests  of  the  serum 
in  a  series  of  cases,  as   has   been  done  here,   give  us  considerable 
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knowledge  of  the  mode  of  action  of  the  serum  and  offer  valuable 
suggestions  for  the  routine  dosage  and  mode  of  application  of  the 
serum.  The  studies  have  further  indicated  strongly  that  during 
infection  not  only  must  sufficient  immune  substances  be  added  to 
bring  about  a  concentration  sufficient  to  sensitize  all  the  bacteria, 
produce  their  agglutination,  opsonification,  etc.,  but  in  addition 
there  must  be  a  sufficient  amount  administered  to  neutralize  any 
soluble  substances  present  in  the  serum  which  have  the  property 
of  neutralizing  and  fixing  the  immune  substances.  It  is  realized 
that  the  occurrence  of  these  soluble,  fixing  substances  in  the  blood  of 
infected  patients  has  not  been  directly  demonstrated.  The  experi- 
mental observations  in  animals  previously  described,  however, 
make  it  altogether  probable  that  these  substances  are  present  in 
severe  infections.  It  must  be  admitted  that  in  most  instances 
where  there  was  failure  of  immune  substances  to  appear  in  the  blood, 
or  where  the  immune  bodies  disappeared  very  rapidly  following  their 
administration,  bacteriemia  was  shown  to  be  present  before  the  first 
dose  of  serum  was  administered.  In  several  cases,  however,  the  blood 
infection  could  not  be  demonstrated  after  the  first  dose,  and  never- 
theless, rapid  disappearance  of  the  immune  bodies  occurred  following 
the  subsequent  doses.  In  one  instance  in  which  the  rapid  disappear- 
ance of  immune  bodies  occurred,  the  blood  cultures  taken  both  before 
and  after  the  administration  of  serum  were  sterile.  However,  it 
seems  likely  that  in  all  cases  when  fixation  of  immune  bodies  occurs, 
blood  infection  has  at  some  time  been  present,  though  the  possibility 
that  the  fixing  substances  may,  in  certain  instances,  arise  entirely  in 
local  foci  cannot  be  excluded. 

The  nature  of  the  substances  bringing  about  the  fixation  can  at  pres- 
ent only  be  conjectured.  The  demonstration,  however,  by  Dochez 
and  Avery^  of  substances  giving  rise  to  precipitates  in  the  blood  and 
urine  of  infected  patients  makes  it  probable  that  the  same  substances 
are  responsible  for  the  phenomenon  of  fixation  that  we  have  studied. 
They  have  apparently  shown  that  these  substances  may  be  excreted 
or  formed  by  the  bacteria  during  their  growth,  and  it  is  also  probable 
that  substances  contained  in  the  bacteria  and  set  free  during  their 
dissolution  may  give  rise  to  the  same  phenomenon. 

The  observations  made  in  this  study  have  a  practical  bearing  on  the 
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question  of  the  therapeutic  administration  of  immune  serum.  The 
amount  of  serum  necessary  to  be  given  does  not  depend  merely  on  the 
weight  of  the  patient  and  therefore  on  the  consequent  dilution  of  the 
serum  in  the  body.  It  is  also  not  entirely  dependent  on  the  degree 
of  infection  present.  If  the  patient  is  treated  early  before  large 
amounts  of  the  soluble  substance  are  present,  a  moderate  amount  of 
serum  may  be  sufhcient,  even  though  the  grade  of  blood  infection 
may  be  considerable.  On  the  other  hand,  if  the  infection  has  con- 
tinued for  a  considerable  time,  and  large  amounts  of  soluble,  fixing 
substance  are  present  in  the  blood,  the  amount  of  serum  required 
may  be  very  large.  It  is  therefore  evident  that  it  is  important  that 
the  patient  be  treated  as  early  as  possible  and  before  large  amounts 
of  these  fixing  substances  are  formed.  Moreover,  the  importance 
of  treating  very  actively  at  the  start  in  order  that  all  these  fixing 
substances  may  be  at  once  neutralized  and  the  progress  of  the  in- 
fection immediately  and  entirely  overcome  is  apparent.  It  is  there- 
fore our  plan  at  present  to  treat  all  patients  with  Type  I  infection 
with  large  initial  doses,  and  to  repeat  the  treatment  every  6  to  8 
hours  as  long  as  may  be  necessary.  It  is  possible  that  the  Type  II 
serum  is  less  effective  than  Type  I  serum  not  only  because  its  con- 
centration of  immune  bodies  is  less  than  that  of  Type  I  serum,  but 
also  because  the  power  of  pneumococci  of  this  type  to  produce  fixing 
substances  is  more  highly  developed  than  is  that  of  pneumococci  of 
Type  I. 

CONCLUSIONS. 

1.  In  empyema  fluids  resulting  from  infection  with  pneumococci 
there  are  present  large  amounts  of  soluble  substances  which  have 
the  property  of  neutralizing  pneumococcus  antibodies. 

2.  Similar  substances  are  found  in  the  blood  of  infected  rabbits. 

3.  When  immune  serum  is  injected  into  infected  rabbits  the  im- 
mune substances  disappear  very  quickly,  and  therefore  are  prevented 
from  activity  in  overcoming  the  infection. 

4.  When  immune  serum  is  administered  to  patients  severely  in- 
fected with  pneumococci,  the  immune  bodies  may  also  disappear 
very  rapidly,  and  this  disappearance  is  probably  associated  with  the 
presence  of  such  soluble  substances  in  the  blood. 
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neutra\td"""  "'^  '"'""  '''"'"'  "'^"  ''^"  ^"^^^--^  -- 
^  6.  The  study  of  agglutination  curves  is  of  value  in  showing  why 
m  certain  instances  favorable  results  have  not  followed  the  use  of 
immune  serum.  ^^ 

7.  It  is  important  that  in  severely  infected  patients  the  serum  be 
admimstered  early  in  the  disease  and  that  the  initial  dosage  be  large. 
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From  the  study  of  bacterial  infections  in  man  and  the  lower  animals 
evidence  has  been  accumulated  that  pathogenic  organisms  do  not 
produce  harmful  effects  from  their  mere  physical  presence.  The 
general  reaction  or  toxemia  of  infection  is  differentiated  from  the 
local  process  which  in  many  instances  is  the  only  tangible  expression 
of  bacterial  invasion.  Substances  of  a  harmful  nature  seem  to 
pass  out  from  the  bacteria  and  through  the  circulating  medium  of 
the  animal  to  injure  cells  and  organs  at  a  distance  from  the  site  of 
infection.  An  explanation  of  the  nature  and  mode  of  action  of 
these  substances  has  been  one  of  the  great  problems  in  the  study  of 
infection.  Certain  bacteria,  such  as  diphtheria,  tetanus,  and  others, 
when  grown  in  artificial  media  form  a  soluble  toxin  whose  action 
when  injected  into  animals  differs  in  no  way  from  that  manifested 
when  the  same  bacteria  grow  in  living  tissue.  The  majority  of 
pathogenic  bacteria  are  not  known  to  form  these  soluble  toxins 
during  their  Hfe  processes.  The  capacity  of  the  latter  to  intoxicate 
has  been  explained  by  their  setting  free  upon  death  a  toxin  which 
during  life  is  retained  within  the  cell  body.  Some  investigators  hold 
the  \iew  that  intoxication  by  these  bacteria  arises  in  the  body  of  the 
infected  animal  from  the  spHtting  of  the  bacterial  protein  into  toxic 
degradation  products.  These  explanations  of  bacterial  intoxication 
are  not  so  satisfactory  nor  so  well  substantiated  as  are  the  facts 
concerning  infection  with  bacteria  which  produce .  known  soluble 
toxins. 

Pneumococcus  is  a  highly  pathogenic  microorganism  which  is  not 
known  to  secrete  a  soluble  toxin,  and  whose  harmful  effects  are  sup- 
posed to  be  due  either  to  the  setting,  free  of  intracellular  toxins  or 
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to  the  formation  on  disintegration  of  toxic  split  products.  In  the 
present  paper  it  is  shown  that  this  organism  during  the  early  stages 
of  its  growth  forms  a  readily  soluble  substance  which  diffuses  into  the 
culture  medium  in  vitro,  and  in  human  and  animal  infections  is 
present  in  the  circulating  blood,  whence  it  passes  through  the  kidneys 
into  the  urine.  We  have  not  as  yet  been  able  to  demonstrate  with 
certainty  that  this  substance  is  responsible  for  the  intoxication  that 
accompanies  lobar  pneumonia. 

Formation  of  a  Soluble  Substance  in  Culture  Media. 

In  1897  Kraus^  demonstrated  for  the  first  time  the  presence  of  specific  precip- 
itable  substances  in  the  germ-free  cuhure  filtrates  of  certain  bacterial  species. 
This  work  was  subsequently  extended  by  other  observers  so  that  it  is  now  known 
that  a  large  number  of  bacteria  give  rise  to  these  substances  in  the  media  in  which 
they  grow.  The  precipitin  reaction  obtained  with  these  substances  is  strictly 
specific  and  occurs  only  when  an  homologous  immune  serum  is  used.  These 
culture  fluids  have  been  studied  after  the  bacteria  have  grown  in  them  for  24 
hours  or  more  and  their  presence  has  been  supposed  to  be  due  to  the  passing  into 
solution  of  the  bacterial  substance  upon  disintegration  of  the  cells.  The  same 
precipitable  substances  may  be  demonstrated  in  the  bacteria-free  salt  solution 
or  distilled  water  extracts  of  organisms  grown  on  solid  media. 

Neufeld^  has  shown  that  solutions  of  pneumococcus  obtained  by  the  addition 
of  small  amounts  of  bile  to  bouillon  cultures  produce  a  specific  precipitate  in  the 
presence  of  immime  rabbit  serum.  Wadsworth^  has  obtained  similar  results 
not  only  with  bile  solutions- but  also  with  filtered  salt  solution  extracts  of  pneu- 
mococcus. Panichi^  demonstrated  the  presence  of  a  specific  precipitable  sub- 
stance in  the  filtrate  of  bouillon  cultures  of  pneumococcus. 

The  fact  which  we  wish  to  emphasize  in  this  study  is  that  pneumo- 
coccus from  the  time  it  starts  to  grow  elaborates  in  the  medium  of 
its  environment  a  specific  substance  of  bacterial  origin  in  consider- 
able amounts  and  that  the  early  presence  of  this  soluble  substance 
is  not  attributable  to  the  death  and  subsequent  disintegration  of  the 
bacterial  cell,  but  represents  the  extrusion  into  the  medium  of  bac- 
terial substance  during  the  life  processes  of  the  organism. 

1  Kraus,  R.,  Wien.  klin.  Woch.,  1897,  x,  736. 

^  Neufeld,  F.,  Z.  Hyg.  u.  Infectionskrankh.,  1902,  xl,  54. 

3  Wadsworth,  A.,  J.  Med.  Research,  1903-04,  x,  228. 

*  Panichi,  L.,  Centr.  Bakteriol.,  Ite  Abl.,  Orig.,  1907,  xliii,  188. 
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TABLE  I. 

Rate  of  Growth  of  Culture. 


No.  of  hrs. 

Colonies  per  cc. 

0 

810,000 

2 

1,170,000 

4 

26,000,000 

6 

245,000,000 

8 

297,000,000 

12 

382,000,000 

24 

No  growth  from  0.0001  cc. 

48 

«        it        "01         " 

Titration  of  Precipitin  Reaction  in  Culture  Fluid. 


Dilution. 

After 

After 

After 

After 

After 

After 

After 

After 

0  hrs. 

2  hrs. 

4  hrs. 

6  hrs. 

8  hrs. 

12  hrs. 

24  hrs. 

48  hrs. 

1 

* 

± 

+  +  + 

5 

- 

- 

+  + 

10 

- 

- 

± 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

15 

- 

- 

zfc 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

20 

- 

- 

=t 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

+  +  + 

25 

- 

- 

=±= 

+  + 

+  + 

+  +  + 

+  +  + 

+  +  + 

30 

- 

- 

rfc 

+ 

+  + 

+  + 

+^  + 

+  + 

40 

- 

- 

- 

+ 

+ 

+  + 

++ 

+ 

50 

- 

- 

- 

zfc 

+ 

+ 

+ 

+ 

60 

— 

— 

— 

db 

± 

zfc 

zfc 

zfc 

80 

— 

— 

zfc 

zfc 

zfc 

± 

dz 

100 

— 

— 

— 

— 

— 

zfc 

zfc 

=t 

120 

- 

- 

— 

— 

— 

zfc 

± 

± 

160 

— 

— 

— 

— 

— 

— 

— 

zfc 

200 

— 

— 

— 

— 

— 

— 

- 

zfc 

240 

— 

— 

— 

— 

— 

— 

— 

=t 

Control. 

- 

- 

- 

- 

- 

- 

- 

- 

*  —  indicates  no  reaction;  ±,  faint  trace;  +,  visible  precipitation;  ++, 
flocculation;  +  +  +,  heavy  flocculation. 

In  the  following  experiment  a  flask  of  bouillon  was  incubated  with 
a  small  amount  of  an  early,  rapidly  growing  culture  of  pneumococcus. 
A  young  culture  was  chosen  in  order  to  avoid  the  occurrence  of  bac- 
terial lag,  during  which  some  cell  death  occurs.  At  varying  intervals 
during  the  growth  of  the  culture,  fractions  were  withdrawn  from  the 
flask,  freed  from  bacteria,  and  the  cell-free  fluid  was  tested  for  the 
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presence  of  precipitable  substances.  A  bacterial  count  was  made  of 
each  specimen  in  order  to  determine  that  the  culture  was  growing  at 
a  maximum  rate  and  that  little  or  no  cell  disintegration  had  occurred 
at  the  time  when  this  substance  was  already  present  in  considerable 
amounts.  The  quantity  of  precipitable  substance  present  in  a 
given  specimen  was  determined  by  ascertaining  the  maximum  dilu- 
tion of  the  cell-free  fluid  at  which  precipitation  occurred  on  the  addi- 
tion of  homologous  antipneumococcus  serum. 

A  protocol  in  which  Type  III  pneumococcus  was  studied  is  given, 
since  this  organism  forms  a  large  amount  of  soluble  substance,  whereas 
Type  II  and  Type  I  form  lesser  amounts  in  the  order  named. 

The  bacterial  counts  in  the  experiment  given  (Table  I)  show  that 
the  cultures  grew  at  a  maximum  rate  for  about  12  hours.  Chesney^ 
has  shown  in  an  elaborate  study  that  during  this  period  the  bacteria 
increase  in  geometric  progression  and  that  the  curve  of  generation 
time  may  be  plotted  as  an  ascending  straight  line.  From  this  the 
deduction  may  be  drawn  that  during  the  first  12  hours  little  or  no 
cell  death  occurs.  Examination  of  the  precipitin  reaction  with  the 
bacteria-free  filtrates  of  specimens  removed  from  the  culture  during 
the  first  12  hours  of  growth  reveals  the  fact  that  the  bacterial  sub- 
stance passes  into  solution  in  the  culture  medium  in  easily  demon- 
strable amounts  during  this  time.  This  would  seem  to  indicate  that 
this  soluble  substance  is  not  the  result  of  bacterial  disintegration 
but  represents  an  actual  extrusion  of  the  cell  substance  into  the 
medium  during  the  life  processes  of  the  organism. 

Presence  of  Soluble  Substance  Derived  from  Pneumococcus  in  the  Blood 
and  Urine  of  Infected  Rabbits. 

The  demonstration  that  pneumococcus  during  its  growth  in  fluid 
media  gives  rise  to  a  soluble  substance  suggested  the  likelihood  that 
the  same  substance  might  be  detected  in  the  body  fluids  of  experi- 
mentally infected  animals.  In  order  to  test  this  assumption,  a  rab- 
bit was  injected  intraperitoneally  with  1  cc.  of  the  blood  of  a  rabbit 
infected  with  pneumococcus.  At  varying  intervals  after  infection 
specimens  of  blood  were  collected  from  the  heart,  and  the  serum, 

*  Chesncy,  A.  M.,  J.  Exp.  Med.,  1916,  xxiv,  387. 
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freed  from  cells,  was  passed  through  a  Berkefeld  filter  in  order  to 
remove  the  organisms  that  had  reached  the  blood  stream.  The 
bacteria-free  serum  was  then  tested  for  the  presence  of  precipitable 
substances  by  the  addition  of  homologous  immune  serum.  The  urine 
of  these  rabbits  was  also  tested  to  find  out  whether  the  soluble  bac- 
terial substance  passed  through  the  kidneys  and  could  be  demon- 
strated by  the  precipitin  reaction  in  the  animal's  urine.  In  Table  II 
an  example  is  given  in  which  the  rabbit  had  been  infected  with  a 
Type  II  pneumococcus. 

TABLE   II. 

Pneumococcus  Precipitin  Reaction  in  the  Blood  Semm  of  a  Rabbit  Infected  with 

Pneumococcus  Type  II. 


Time. 

Before   infection. 

2  hrs.  after 
infection. 

4  hrs.  after 
infection. 

6  hrs.  after 
infection. 

8  hrs.  after 
infection. 

Type  serum.... 

I 

II 

I 

II 

I 

II 

I 

II 

I 

II 

Result 

* 

- 

- 

=fc 

- 

+  — 

- 

+  + 

- 

+  + 

*  —  indicates  negative;  ±,  faint  trace;  ++,  marked  flocculation. 

Tests  of  rabbit  urine  cannot  be  made  at  regular  intervals  because 
of  the  failure  of  the  animal  to  void  frequently.  Specimens  at  the 
end  of  24  hours,  however,  showed  a  marked  precipitate  when  mixed 
with  the  serum  corresponding  in  type  with  the  organism  with  which 
the  animal  was  infected. 

The  experiment  given  in  Table  II  demonstrates  the  fact  that  wdthin 
a  short  period  of  time  after  intraperitoneal  injection  of  a  rabbit 
with  pneumococcus  there  is  present  in  the  filtered  blood  serum  a 
specifically  reacting  bacterial  substance  of  pneumococcus  origin. 
This  substance  readily  passes  from  the  blood  through  the  kidneys 
into  the  urine  and  can  there  be  demonstrated  in  considerable 
concentration. 


Presence  of  Soluble  Substance  Derived  from  Pneumococcus  in  the  Blood 
and  Urine  of  Patients  Suffering  from  Lobar  Pneumonia. 

The  fact  that  the  pneumococcus  forms  a  readily  soluble  substance 
during  growth  in  artificial  media  and  in  the  body  fluids  of  animals 
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experimentally  infected  makes  it  not  unreasonable  to  assume  that 
the  same  substance  is  formed  by  pneumococcus  during  the  course  of 
natural  infection  in  human  beings.  In  order  to  find  out  whether  or 
not  this  is  so,  the  blood  sera  and  urine  of  a  large  number  of  patients 
suffering  from  pneumonia  due  to  pneumococcus  of  Types  I,  II,  and 
III  were  studied  for  the  presence  of  this  soluble  material.  Specimens 
of  serum  were  obtained  at  varying  intervals  during  the  disease  and 
the  urine  was  examined  frequently  throughout  the  course  of  the 
infection  and  during  convalescence.  If  the  precipitin  reaction  was 
not  positive  with  the  whole  urine,  a  method  of  concentrating  the  urine 
was  employed.  It  has  been  found  that  the  soluble  substance  to  which 
the  pneumococcus  gives  rise  is  precipitated  by  alcohol  and  after 
precipitation  is  again  readily  soluble  in  water.  In  order  to  concen- 
trate the  precipitable  substance  in  urine  to  25  cc.  or  more  of  the  24 
hour  specimen  a  few  drops  of  acetic  acid  are  added  and  the  urine  is 
then  boiled  down  to  a  volume  of  5  cc,  filtered  through  paper  to  remove 
any  precipitate  of  albumin  that  may  occur,  and  the  filtrate  added  to 
eight  to  ten  volumes  of  95  per  cent  alcohol.  The  precipitate  which 
forms  is  collected  by  centrifugalization  and  dried  to  remove  the 
excess  of  alcohol  and  the  residue  extracted  with  2  or  3  cc.  of  salt 
solution  which  redissolves  the  specific  substance.  Any  insoluble 
material  is  removed  by  centrifuging  and  the  clear  salt  solution  extract 
used  in  the  precipitin  test.  Results  of  this  study  are  presented  in 
Table  III. 

In  Table  III  are  presented  the  studies  on  the  presence  of  the 
specifically  precipitable  substance  in  the  blood  serum  during  Hfe  of 
a  number  of  patients  suffering  from  lobar  pneumonia.  Almost  all 
the  patients  studied  showed  a  strongly  positive  precipitin  reaction 
in  the  urine  and  were  chosen  for  the  purpose  of  finding  out  whether 
at  a  time  when  the  substance  was  being  excreted  in  largest  amounts 
it  could  also  be  demonstrated  in  the  circulating  blood.  In  all,  25 
cases  were  examined,  of  which  10  were  due  to  infection  with  Type  I 
pneumococcus,  11  with  Type  II,  and  4  with  Type  III.  Of  the  Type  I 
infections,  none  gave  a  positive  precipitin  reaction  in  the  serum, 
although  in  all  but  one  the  urine  was  positive  at  the  time  the  tests 
were  made  and  in  three  instances  the  reaction  in  the  urine  was  heavy, 
indicating  the  excretion  of  the  soluble  substance  in  considerable 
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TABLE   III. 

Piieumococcus  Precipitin  Reaction  in  the  Blood  Serum  during  Lobar  Pneumonia. 


Case  No. 


Blood  test. 


Day  of  disease.      Result. 


Blood 
culture. 


Urine. 


Serum 
treat- 
ment. 


Result  of 
disease. 


Remarks. 


Pneumococcus  Type  I  infection. 


2,821 

6 

- 

- 

+  + 

+ 

Recovered. 

Total,    10  cases; 
died. 

2 

2,816 

8,9,10,11,12 

- 

+ 

+  + 

+ 

Died. 

2,901 

5,7,9 

- 

+ 

+  + 

+ 

« 

2,968 

6,7 

- 

+ 

+ 

+ 

Recovered. 

2,936 

7,9 

- 

- 

± 

+ 

<( 

2,815 

4 

- 

- 

+ 

+ 

« 

2,824 

3 

- 

- 

=i= 

+ 

te 

2,883 

5,6,7 

— 

— 

- 

+ 

It 

2,858 

3,4,5 

- 

— 

+ 

+ 

li 

2,891 

3 

— 

— 

+ 

+ 

li 

Pneumococcus  Type  II  infection. 


2,885 

3,4,6 

— 

— 

+ 

+ 

Recovered. 

2,845 

6 

+  + 

+ 

+  + 

+ 

Died. 

2,868 

4 
7 

— 

— 

+ 

— 

Recovered. 

2,829 

1 

- 

- 

- 

- 

« 

2,879 

2 

7 

— 

+ 

+ 

+ 

a 

2,892 

5,6 

+ 

+ 

+  + 

- 

Died. 

2,834 

6,7,9,  10,  11 

— 

+ 

+  + 

+ 

« 

2,922 

4,5,6 

— 

-3 

+  7 

+ 

+ 

Recovered. 

3,006 

2,3 

— 

— 

+  + 

— 

Died. 

Blood  culture  posi- 
tive on  6th  day. 

3,031 

3,5,7 

+ 

+ 

+  + 

+ 

(< 

2,869 

3,4,5 

+ 

± 

+ 

+ 

« 

Pneumococcus  Type  III  in 

fection. 

2,898 

5,6,  7 

+  + 

+ 

+  + 

— 

Died. 

Total, 

4  cases. 

2,947 

6,  10,  11 

± 

— 

+ 

— 

Recovered. 

2,797 

+ 

— 

+ 

— 

Died. 

2,783 

7 

+ 

+ 

+ 

— 

(( 
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quantity.  The  failure  to  demonstrate  the  substance  in  blood  in  Type 
I  pneumonias  may  be  partly  attributable  to  the  fact  that  all  these 
cases  were  treated  with  Type  I  antipneumococcus  serum,  which  is 
known  to  cause  the  disappearance  of  the  substance  from  the  urine 
in  many  cases  during  treatment.  It  has  also  been  shown  by  in  vitro 
experiments  that  Pneumococcus  Type  I  forms  less  of  the  soluble 
substance  than  organisms  of  Types  II  and  III.  The  sera  of  11  cases 
of  Type  II  pneumonia  were  studied.  The  urine  reaction  was  positive 
in  10  of  these,  while  the  precipitin  reaction  in  the  blood  was  positive 
in  4  instances.  Of  these  1 1  cases  7  were  treated  with  Type  II  serum. 
Among  the  7  serum  treated  cases,  3  showed  a  positive  precipitin 
reaction  in  the  blood.     Of  the  4  cases  not  treated  with  serum,  only 

1  gave  a  positive  blood  test.  A  positive  blood  culture  was  obtained 
in  7  of  the  1 1  cases  studied.  Of  the  4  cases  with  a  positive  precipitin 
test  in  the  serum,  all  showed  a  positive  blood  culture,  while  of  the 
7  cases  with  a  negative  precipitin  test  in  the  serum,  3  had  a  positive 
blood  culture.  All  4  patients  showing  a  positive  precipitin  reaction 
in  the  blood  serum  died,  whereas  of  the  7  with  a  negative  serum  test, 

2  died  and  5  recovered. 

4  cases  of  pneumonia  due  to  Pneumococcus  Type  III  were  studied. 
All  gave  a  positive  precipitin  test  in  the  blood  serum.  Blood  cul- 
tures were  positive  in  2  instances  and  the  precipitin  reaction  in  the 
urine  was  positive  in  all.  The  infection  was  fatal  in  3  of  the  4 
patients. 

In  Table  IV  are  presented  the  results  of  the  examination  of  the 
urine  for  the  precipitable  pneumococcus  substance  in  88  cases  of 
pneumonia  due  to  the  fixed  types  of  pneumococcus  I,  II,  and  III. 
Of  these  88  cases,  35  were  Type  I,  28  were  Type  II,  8  were  Type 
II  (atypical),  and  17  were  Type  III.  Repeated  tests  of  the  urine 
were  made  during  the  course  of  the  disease  from  within  12  hours  after 
onset  in  one  instance  to  the  58th  day  in  another.  Of  the  35  cases  due 
to  Type  I  infection,  20  were  positive  and  15  negative.  A  positive  blood 
culture  occurred  in  13  of  the  35  cases.  Among  the  13  cases  with 
positive  blood  culture,  9  showed  a  positive  urine  reaction  and  4  gave 
a  negative  result.  Of  the  20  cases  with  positive  urine  reaction,  2 
died;  of  the  14  negative  cases  all  recovered.  All  these  instances  of 
Type  I  infection  were  serum  treated.     The  administration  of  serum 
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TABLE 

IV. 

Pneumococcus  Precipitin  Reaction  in  the  Urine  during  Lobar  Pneumonia. 

Case  No. 

d 
u 

.a 
5 

Day  of  disease 
when      urine 
was  first  test- 
ed. 

Day  of  disease 
when      urine 
was  first  posi- 
tive. 

a  H   . 
o.i.  a 

k.  o  o 
3  O.  rt 

Q 

2 
"3 

8 

cq 

as 
2a 

in 

Result  of  disease. 

Remarks. 

Pneumococcus  Type  I  infection. 

days 

2,816 

++ 

6 

6 

6 

+ 

+ 

Died. 

2,936 

+ 

6 

6 

18 

- 

+ 

Recovered. 

2,968 

++ 

5 

5 

14 

+ 

+ 

u 

2,858 

+ 

3 

4 

1 

- 

+ 

(< 

2,996 

+ 

3 

3 

15 

- 

+ 

ii 

2,891 

+ 

3 

3 

5 

- 

+ 

« 

2,965 

+ 

6 

6 

16 

- 

- 

« 

2,952 

+ 

2 

5 

3 

- 

+ 

it 

2,804 

+ 

6 

6 

26 

- 

+ 

(< 

2,955 

+  + 

6 

6 

26 

+ 

+ 

« 

2,925 

+ 

1 

1 

1 

+ 

+ 

(( 

. 

2,908 

+ 

5 

13 

5 

- 

+ 

<( 

2,924 

+ 

5 

5 

22 

— 

+ 

« 

2,913 

+ 

5 

5 

1 

— 

+ 

« 

2,945 

+ 

5 

5 

29 

+ 

+ 

(( 

2,906 

+ 

2 

2 

31 

+ 

+ 

il 

Delayed 
resolution. 

2,852 

+ 

4 

4 

2 

+ 

+ 

il 

2,949 

+ 

8 

11 

24 

- 

+ 

(I 

2,901 

+ 

5 

5 

4 

+ 

+ 

Died. 

2,917 

- 

6 

- 

- 

- 

+ 

Recovered. 

2,814 

- 

2 

- 

- 

- 

+ 

« 

2,944 

- 

5 

- 

— 

— 

+ 

a 

2,874 

- 

3 

- 

— 

+ 

+ 

" 

2,815 

- 

4 

- 

— 

- 

+ 

<( 

2,824 

- 

3 

- 

- 

- 

+ 

u 

2,821 

— 

6 

— 

— 

— 

+ 

tc 

2,984 

- 

7 

— 

— 

— 

+ 

a 

3,020 

- 

3 

- 

- 

+ 

+ 

u 

3,043 

- 

3 

- 

- 

— 

+ 

i< 

3,011 

- 

5 

- 

- 

+ 

+ 

« 

2,883 

— 

4 

— 

— 

— 

+ 

<< 

2,954 

- 

4 

— 

- 

— 

+ 

i< 

2,880 

- 

3 

- 

— 

+ 

+ 

i< 

3,019 

+ 

4 

8 

42 

+ 

+ 

i( 

(empyema) . 

3,033 

— 

2 

— 

— 

— 

+ 

Recovered. 
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TABLE  IV — Continued. 


Case  No. 


0)    U      1 

«*-      1 

o 

ill 

■^  C3<S 

S.9S 

O  j; 

K 

1 

t) 

°d-: 

3 

"3 

0) 

^■SS3^ 

ay  0 
whe 
was 
tive 

2o5 
3  ata 

■a 
o 
S 

a  g 
2a 

D 

P 

« 

P 

m 

Cfi 

Result  of  disease. 


Remarks. 


Pneumococcus  Type  II  infection. 


days 

2,869 

+  + 

2 

2 

2 

+ 

+ 

2,922 

+ 

3 

3 

40 

+ 

+ 

3,006 

+ 

2 

2 

8 

- 

- 

2,885 

+ 

2 

2 

2 

- 

+ 

2,845 

+  + 

5 

5 

2 

+ 

+ 

2,868 

+ 

4 

7 

3 

- 

— 

2,899 

- 

1 

- 

- 

- 

- 

2,879 

- 

2 

7 

1 

+ 

+ 

2,892 

+  + 

5 

5 

2 

+ 

- 

2,834 

+  + 

5 

5 

5 

+ 

+ 

2,991 

+ 

1 

2 

58 

- 

- 

2,854 

- 

3 

5 

1 

- 

- 

3,003 

+ 

7 

7 

13 

— 

- 

2,827 

+  + 

3 

3 

1 

+ 

- 

2,746 

+ 

3 

6 

9 

+ 

- 

2,881 

+ 

6 

6 

2 

- 

- 

2,786 

- 

6 

- 

- 

- 

- 

2,896 

- 

7 

- 

- 

- 

- 

2,926 

— 

4 

— 

— 

— 

— 

2,897 

+ 

3 

4 

1 

- 

+ 

2,886 

+ 

3 

3 

6 

- 

- 

2,890 

+ 

3 

3 

4 

+ 

+ 

2,971 

+ 

7 

14 

10 

- 

- 

2,825 

+  + 

1 

1 

5 

+ 

- 

3,031 

+ 

3 

3 

5 

+ 

+ 

3,047 

+ 

3 

3 

? 

- 

- 

2,937 

- 

1 

- 

- 

- 

- 

2,934 

— 

4 

— 

— 

— 

— 

Died. 

Recovered. 

Died. 

Recovered. 

Died. 

Recovered. 


Died. 

« 

Recovered. 
<< 

« 
Died. 

Recovered. 


Died. 

Recovered. 

Died. 

a 

—        Recovered. 


Pneumococcus  Type  II  (atypical)  infection. 


2,861a 
2,878x 
2,822b 
2,83  Ix 
2,864b 
2,960x 
2,963b 
2,93Sb 


- 

3 
4 

- 

- 

+ 

- 

+ 

5 
4 

4 

3 

— 

+ 

+ 

8 

1 
4 

8 

2 

+ 

— 

+ 

7 

13 

- 

- 

— 

1 

— 

— 

— 

— 

—        Recovered. 
<( 

<( 

Died. 
<( 

Recovered. 


TABLE   IV — Concluded. 


Case  No. 


J'§: 


a  >  > 

a 


U   V.J. 

i-i 

fc.1 

.^3  a 

.2-5  g 

3 
■3 

i-< 

Result  of  disease. 

Day  0 
whe 
was 
live 

111 
Q 

-0 

8 
m 

e  g 

Remarks. 


Pneumococcus  Type  III  infection. 


days 

2,838 

— 

3 

- 

- 

- 

- 

Recovered. 

2,889 

— 

7 

- 

— 

- 

- 

<( 

2,797 

+  + 

2 

2 

5 

- 

- 

Died. 

2,898 

+  +  , 

5 

5 

3 

+ 

- 

<( 

2,947 

+  + 

5 

5 

30 

— 

— 

Recovered  (em- 
pyema) . 

2,812 

+ 

2 

5 

1 

+ 

- 

Died. 

2,783 

+ 

7 

7 

1 

+ 

- 

« 

2,919 

+ 

5 

6 

4 

- 

- 

« 

2,800 

+ 

3 

3 

3 

+ 

- 

(( 

2,849 

+ 

3 

3 

2 

+ 

- 

(( 

2,927 

+ 

2 

6 

4 

- 

- 

Recovered. 

2,973 

+ 

3 

10 

4 

- 

- 

It 

2,911 

+ 

2 

2 

13 

- 

- 

« 

2,837 

- 

1 

- 

- 

- 

- 

It 

2,972 

+ 

1 

6 

2 

- 

- 

It 

2,485 

- 

6 

- 

- 

+ 

- 

Died. 

2,918 

— 

2 

— 

— 

— 

— 

Recovered. 

Summary  of  Urine  Reaction. 


Total  No.  of 

cases. 

.> 

1 

a 

b 

6 

3 

"3 

TJ 

8 
> 

1 

Positive  urine 
reaction. 

Negative  urine 
reaction. 

Fatal  cases 

showingurine 

reaction. 

Type. 

■a 
c 

a 

0 

> 

tv 
> 

11 

ll 

fa 

■n'Z 
O-r: 

°  0 

"3  (u 

53 

> 

1 

1 

lU 

per 
cent 

I 

35 

20 

15 

57.1 

13 

9 

11 

4 

11 

2 

0 

II 

28 

20 

8 

71.4 

11 

10 

10 

1 

7 

10 

0 

II  (atypical) 

8 

3 

5 

37.5 

2 

1 

2 

1 

4 

1 

1 

III 

17 

12 

5 

70.5 

6 

5 

7 

1 

4 

7 

1 

88 

55 

33 

62.5 

32 

25 

30 

7 

26 

20 

2 

IV 

10 

0 

10 

0 

2 

0 

0 

2 

8 

0 

2 

Cases  of  respiratory 

disease  due  to  or- 

ganisms not  pneu- 

mococcus. 

14 

0 

14 

0 

2 

0 

0 

2 

12 

0 

2 
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in  Type  I  pneumonia  often  results  in  the  temporary  disappearance 
of  the  substance  from  the  urine.  Upon  cessation  of  treatment  the 
soluble  substance  may  reappear  in  the  urine. 

Of  28  cases  of  Type  II  infection,  20  gave  positive  precipitin  re- 
action in  the  urine,  and  8  were  negative.  A  positive  blood  culture 
occurred  in  11  of  the  28  cases.  Among  the  11  cases  with  positive 
blood  culture,  10  gave  a  positive  urine  reaction  and  1  a  negative 
result.  Of  the  20  cases  with  a  positive  urine  test,  10  died;  of  8  negative 
cases  all  recovered. 

Among  8  cases  of  infection  with  atypical  Type  II  pneumococcus, 

3  gave  a  positive  precipitin  reaction  in  the  urine  and  5  a  negative 
reaction.  Inasmuch  as  a  normal  Antipneumococcus  Serum  Type  II 
was  used  in  determining  the  presence  of  soluble  substance  in  the 
urine  of  individuals  infected  with  atypical  Type  II  pneumococcus, 
a  lower  percentage  of  positive  urine  reactions  should  be  expected 
in  this  series,  since  the  precipitin  titer  of  normal  Type  II  serum  is  low 
for  these  atypical  organisms. 

17  cases  of  pneumonia  due  to  infection  with  Pneumococcus  Type 
III  were  studied.  Pneumococcus  precipitinogen  was  demonstrated 
in  the  urine  of  12  of  these  instances,  and  was  absent  in  5.  A  positive 
blood  culture  was  obtained  in  6  of  the  17  cases.  Of  the  6  cases  hav- 
ing pneumococcus  septicemia,  5  showed  a  positive  precipitin  reaction 
in  the  urine.     7  of  the  12  cases  giving  a  positive  urine  test  died,  while 

4  of  the  5  negative  cases  recovered. 

A  summary  of  88  cases  of  pneumonia  due  to  the  fixed  types  of 
pneumococcus  shows  that  the  soluble  substance  of  pneumococcus 
origin  was  demonstrable  in  the  urine  of  55  (62.5  per  cent)  of  these 
patients  at  some  stage  of  the  disease  and  in  39  instances  was  positive 
on  the  first  examination.  Among  the  55  cases  with  a  positive  pre- 
cipitin reaction  in  the  urine,  20  had  a  fatal  outcome,  giving  a  mortal- 
ity of  36.4  per  cent,  and  of  the  3^  cases  with  a  negative  urine  test, 
2  died;  a  mortality  of  6  per  cent.  In  addition  to  the  88  individuals 
suffering  from  pneumonia  due  to  the  fixed  Types  I,  II,  and  III,' 10 
cases  of  Type  IV  pneumonia  and  14  cases  of  respiratory  disease  due 
to  other  organisms  were  studied  for  the  presence  of  a  precipitin 
reaction  in  the  urine.  Each  urine  was  tested  with  standard  Anti- 
pneumococcus Sera  Types  I,  II,  and  III.     In  no  instance  was  a  posi- 
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tive  reaction  obtained  at  any  stage  of  the  disease,  a  fact  which  es- 
tablishes beyond  doubt  the  specificity  of  the  reaction. 

In  addition  to  the  presence  of  the  soluble  substance  of  pneumo- 
coccus  origin  in  the  blood  and  urine,  it  has  also  been  found  in  other 
body  fluids.  In  certain  cases  it  can  be  readily  demonstrated  in  pleural 
fluids  and  pericardial  exudates  and  in  the  spinal  fluid  of  pneumococcus 
meningitis. 

Certain  facts  have  been  ascertained  concerning  the  chemical 
characteristics  of  this  substance.  The  specific  substance  is  not 
destroyed  by  boiling.  It  is  readily  soluble  in  water  and  is  precipi- 
table  in  acetone,  alcohol,  and  ether,  after  which  it  may  be  easily 
redissolved  in  water.  It  is  precipitated  by  colloidal  iron,  and  does 
not  dialyze  through  parchment.  The  immunological  reactions  of 
the  substance  are  not  affected  by  proteolytic  digestion  with  trypsin 
and  it  is  not  spht  by  urease.  The  determination  of  total  nitrogen  and 
nitrogen  partition  on  the  active  substance  obtained  by  repeated 
precipitation  with  acetone  and  alcohol  shows  the  substance  to.  be  of 
protein  nature  or  to  be  associated  with  protein. 

One  of  the  chief  points  of  interest  in  the  discovery  of  the  soluble 
substance  of  pneumococcus  is  whether  this  substance  is  in  any  way 
responsible  for  the  intoxication  which  attends  pneumococcus  in- 
fection. Studies  to  ascertain  the  answer  to  this  question  are  being 
actively  carried  on  at  the  present  time  but  have  not  as  yet  progressed 
to  the  point  at  which  a  definite  answer  can  be  given.  It  may  be 
said,  however,  that  its  toxicity  is  in  no  way  comparable  to  that  of 
diphtheria  toxin.  On  the  other  hand,  it  possesses  a  degree  of  toxicity 
which,  exhibited  throughout  the  course  of  an  infection,  may  account 
for  the  signs  of  intoxication  in  lobar  pneumonia. 

DISCUSSION. 

The  preceding  experimental  data  have  shown  that  a  specifically 
reacting  substance  of  pneumococcus  origin  occurs  in  the  bacteria- 
free  filtrates  of  young  cultures  of  pneumococcus  and  also  in  the  blood 
serum  and  urine  of  patients  during  lobar  pneumonia.  The  occur- 
rence of  specifically  precipitable  substances  in  the  cell-free  filtrate 
of  bacterial  cultures  has  been  known  ever  since  the  early  obser- 
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vation  of  Kraus.  It  has  been  abundantly  confirmed  by  other  in- 
vestigators with  a  variety  of  bacteria.  In  general,  the  presence  of 
this  precipitable  substance  has  been  demonstrated  in  culture  fluids 
so  old  that  an  opportunity  has  occurred  for  cell  death  and  disintegra- 
tion and  consequent  solution  of  bacterial  protein.  In  this  paper  it  is 
shown  that  there  is  present  in  solution  in  the  culture  fluid  in  which 
pneumococcus  is  grown,  a  soluble  substance  in  considerable  amounts 
at  a  time  when  no  cell  death  or  disintegration  has  occurred.  Con- 
sequently this  substance  does  not  represent  dead  dissolved  bacterial 
protein,  but  the  elaboration  and  passage  into  solution  of  a  substance 
which  is  the  product  of  the  life  activity  of  the  cell.  In  addition  to  the 
evidence  already  cited  in  support  of  this  fact,  it  has  been  demon- 
strated that  the  soluble  substance  is  present  in  culture  fluids  in  con- 
siderable concentration  at  a  time  when  no  hemolysin  is  present.  This 
pneumococcus  hemolysin  is  an  intracellular  body  which  does  not 
appear  in  culture  fluids  until  destruction  of  the  bacterial  cell  has 
taken  place;  hence  if  the  soluble  substance  described  were  purely  of 
intracellular  origin  the  curve  of  its  concentration  in  culture  fluids 
would  be  coincident  with  that  of  the  hemolysin.  This,  however,  is 
not  the  case,  for  the  curve  of  hemolysin  does  not  begin  to  rise  until  a 
time  when  the  curve  of  the  soluble  substance  has  almost  attained 
its  maximum  elevation. 

The  formation  of  a  soluble  substance  by  the  pneumococcus  on 
growth  in  vitro  suggested  the  probability  that  an  analogous  substance 
would  be  formed  on  growth  of  the  organism  in  the  animal  body  and 
because  of  the  readiness  with  which  the  substance  passes  into  solu- 
tion one  would  expect  no  difficulty  in  demonstrating  it  in  the  body 
fluids  of  experimentally  infected  animals.  Examination  of  the  blood 
and  urine  of  rabbits  infected  with  pneumococcus  has  shown  this  sub- 
stance to  be  present  in  considerable  quantities  following  intraperi- 
toneal infection.  AscoU  and  Valenti*  have  demonstrated  in  the 
organisms  of  animals  infected  with  anthrax  a  substance  specifically 
precipitable  with  antianthrax  serum.  BaiF  has  shown  the  presence  of 
a  substance  in  the  exudates  of  animals  infected  with  anthrax  which, 
when  the  fluids  were  freed  from  bacteria,  increased  the  infectious 

«  Ascoli,  A.,  and  Valenti,  E.,  Centr.  Bakleriol,  lie  Abt.,  Ref.,  1911,  xlviii,  243. 
'  Bail,  O.,  Arch.  Hyg.,  1905,  lii,  272;  1905,  liii,  302. 
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power  of  anthrax  bacilli.  This  substance  he  has  called  aggressin 
and  he  considers  it  to  be  an  excretory  product  of  the  anthrax  bacillus 
which  favors  the  invasion  of  animal  tissues  by  this  organism.  It  is 
possible  that  the  substances  described  by  Ascoli  and  Valenti,  and  Bail 
are  similar  in  the  mechanism  of  their  formation  to  the  soluble  sub- 
stance produced  by  the  pneumococcus.  Although  our  study  of  other 
bacteria  has  been  rather  limited,  it  has  been  demonstrated  that 
certain  other  species,  such  as  meningococcus,  Bacillus  typhosus,  and 
Bacillus  dysenteric,  also  give  rise  to  soluble  material  during  their 
growth  in  fluid  media. 

A  study  of  the  serum  of  patients  suffering  from  lobar  pneumonia 
has  shown  that  this  soluble  specific  substance  is  also  present  in  the 
circulating  blood  during  the  course  of  the  disease  in  man.  It  gives  a 
specific  precipitin  reaction  with  antipneumococcus  serum  correspond- 
ing in  type  to  the  organism  with  which  the  individual  is  infected. 
This  soluble  precipitable  substance  in  human  serum  is  less  frequently 
present  in  demonstrable  quantities  than  in  the  serum  of  experimen- 
tally infected  animals.  However,  it  has  been  found  both  when  pneu- 
mococci  are  present  in  the  circulating  blood  and  when  by  blood  cul- 
ture organisms  are  absent.  Complement  fixation,  as  well  as  the 
precipitin  reaction,  may  be  used  for  the  demonstration  of  this  sub- 
stance in  serum.  Although  the  soluble  substance  is  relatively  in- 
frequently present  in  demonstrable  quantities  in  the  circulating 
blood,  it  is  not  unlikely,  from  the  fact  that  the  substance  appears  in  a 
much  larger  percentage  of  cases  in  the  urine,  that  it  is  much  more 
commonly  present  in  the  blood  than  observed,  but  in  quantities 
that  are  below  the  threshold  of  demonstration. 

A  study  of  the  urine  in  112  cases  of  lobar  pneumonia  and  closely 
related  respiratory  diseases  has  shown  that  in  62.5  per  cent  of  pneu- 
monia due  to  Pneumococcus  Types  I,  II,  and  III,  a  substance  is 
excreted  in  the  urine  which  reacts  specifically  with  antipneumococcus 
serum  of  the  type  corresponding  to  the  organism  with  which  the 
individual  is  infected.  This  substance  may  appear  as  early  as  12 
hours  after  the  initial  chill,  or  may  appear  for  the  first  time  at  a 
later  stage  of  the  disease,  and  may  continue  to  be  excreted  for  many 
days  after  recovery  has  occurred.  In  certain  instances  in  which 
excretion  occurred  over  a  long  time,  its  persistence  in  the  urine  could 
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be  explained  by  delayed  resolution,  a  condition  which  represents 
the  passage  of  the  acute  pneumococcus  infection  of  the  lung  into 
one  of  a  more  chronic  character.  In  other  instances  of  continued 
excretion  not  explainable  on  these  grounds,  the  substance  must  have 
been  stored  in  the  tissues  and  must  have  passed  into  the  circulating 
blood  to  be  excreted  by  the  kidneys  without  loss  of  its  specific  char- 
acter. It  is  the  rule  to  find  the  substance  in  the  urine  when  pneu- 
mococcal septicemia  exists.  The  amount  of  precipitable  substance 
in  the  urine  seems  to  be  a  measure  of  the  severity  of  the  infection. 
This  fact  may  be  dependent  upon  the  quantity  of  the  substance 
being  directly  proportional  to  the  actual  amount  of  infection  or  it 
may  be  that  the  amount  of  this  substance  formed  bears  some  re- 
lationship to  the  virulence  of  the  particular  strain  of  pneumococcus 
responsible  for  the  infection.  Most  of  the  instances  which  fail  to 
show  the  presence  of  a  precipitable  substance  in  the  urine  recover, 
whereas  the  mortality  is  high  among  those  in  which  its  presence  is 
demonstrable.  If  large  amounts  are  excreted  the  outcome  is  usually 
fatal,  unless  this  result  is  prevented  by  the  administration  of  anti- 
pneumococcus  serum.  The  specific  precipitin  test  in  the  urine  is 
therefore  of  considerable  prognostic  value.  It  may  also  be  used  in 
making  a  rapid  diagnosis  of  the  type  of  organism  with  which  an  in- 
dividual is  infected  and  in  our  experience  a  positive  test  in  the  urine 
is  quite  as  reliable  as  the  agglutination  of  the  organism  isolated  from 
the  sputum.  The  precipitin  test  in  the  urine,  however,  should  not 
supplant  the  usual  diagnostic  technique  in  the  determination  of  the 
type  of  pneumococcus. 

11  years  ago  Fornet^  claimed  to  have  demonstrated  in  the  serum 
and  urine  of  patients  suffering  from  typhoid  fever  a  substance  speci- 
fically precipitated  by  antityphoid  serum.  From  what  we  now  know 
it  would  seem  likely  that  his  observations  were  correct  despite  the 
fact  that  subsequent  investigators  failed  to  confirm  them. 

Ascoh^  has  shown  that  precipitinogen  may  pass  the  kidneys  and 
appear  in  the  urine  where  it  exhibits  its  specific  reaction.  We  have 
been  able  to  show  that  if  rabbits  are  inoculated  intravenously  with 

*  Fomet,  O.,  Munch,  med.  Woch.,  1906,  xxxviii,  1862. 

'Ascoli,  M.,  cited  in  KoUe,  W.,  and  von  Wassermann,  A.,  Handbuch  der 
pathogenen  Mikroorganismen,  Jena,  2nd  edition,  1913,  ii,  750. 
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soluble  pneumococcus  material  a  specific  precipitin  reaction  can  be 
obtained  in  the  urine  within  24  hours  and  that  the  specific  substance 
continues  to  be  excreted  for  a  number  of  days.  In  such  an  experi- 
ment the  material  injected  contained  no  formed  living  pneumococci. 
Pettit'"  has  demonstrated  that  if  rats  are  injected  with  diphtheria 
toxin,  this  substance  can  be  shown  to  be  excreted  in  the  urine  in 
active  form  following  the  inoculation.  « 

SUMMARY. 

1.  A  specifically  reacting  substance  of  bacterial  origin  is  present  in 
the  cell-free  fluids  of  young  cultures  of  pneumococcus.  This  sub- 
stance is  present  when  the  organisms  are  growing  at  their  maximum 
rate  and  undergoing  little  or  no  cell  death,  and  consequently  its 
presence  is  not  dependent  upon  cell  disintegration  but  represents  the 
extrusion  of  bacterial  substance  by  the  Hving  organism. 

2.  The  blood  and  urine  of  rabbits  experimentally  infected  with 
pneumococcus  contain  a  similar  specific  soluble  substance  during  the 
early  hours  of  the  infectious  process. 

3.  Human  beings  suffering  from  lobar  pneumonia  have  in  their 
blood  and  more  frequently  in  their  urine  a  specific  soluble  substance 
of  pneumococcus  origin.  The  amount  of  this  substance  present  in 
the  urine  varies  in  different  individuals  and  the  presence  of  a  large 
amount  is  of  unfavorable  prognostic  import.  This  specific  precipitin 
reaction  in  the  urine  is  of  diagnostic  value. 

4.  Rabbits  injected  with  soluble  pneumococcus  material  continue 
to  excrete  this  substance  for  a  considerable  period  of  time. 

5.  The  specifically  soluble  substance  obtained  from  bacterial  cul- 
tures and  from  the  urine  during  infection  is  not  destroyed  by  boiling, 
by  precipitation  with  alcohol,  acetone,  or  ether,  or  by  trypsin  digestion. 

6.  Studies  are  in  progress  at  this  time  on  the  degree  of  toxicity  and 
on  the  antigenic  properties  of  the  substance. 

^°  Pettit,  A.,  Ann.  Inst.  Pasteur,  1914,  xxviii,  663. 
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During  the  course  of  certain  studies  of  the  various  factors  of  acid 
excretion,^  24  hour  samples  of  urine  from  several  normal  and  patho- 
logical subjects  which  were  examined  demonstrated  that,  in  the 
absence  of  /3-hydroxybutyric  acid,  the  hydrogen  ion  concentration 
and  titratable  acidity  are  due  largely  to  the  ratio  between  acid  and 
basic  phosphates.  Although  in  the  main  this  hypothesis  was  quite 
well  supported  in  the  twenty-three  samples  analyzed,  in  one  fatal 
case  of  pneumonia,  over  60  per  cent  of  the  titratable  acid  could  not 
be  accounted  for  by  the  phosphates.  This  observation  led  to  a  more 
extended  investigation  of  acidosis  and  acid  excretion  in  acute  lobar 
pneumonia,  the  results  of  which  are  presented  in  this  paper. 

There  exists  certain  evidence  which  supports  the  idea  that  the  metaboUsm 
during  the  febrile  stage  of  pneumonia  results  in  the  production  of  considerable 
amounts  of  acid  substances.  Increased  ammonia  and  titratable  acid  in  the  urine 
have  been  observed.  Diminished  carbon  dioxide  in  the  blood  has  been  reported 
by  several  observers,  notably  by  Peabody*  who  reviews  the  literature  of  the  sub- 
ject. Recently  Lewis'  has  found  the  blood  of  patients  with  pneumonia  to  have  a 
decreased  afi&nity  for  oxygen,  a  characteristic  of  acidosis.  Palmer  and  Henderson^ 
noticed  that  during  the  fastigium  of  the  disease  larger  amoimts  of  sodium  bi- 
carbonate by  mouth  were  necessary  to  reduce  the  acidity  of  the  urine  than  is 
normally  the  case.  Such  facts  as  these,  increased  ammonia  and  acid  excretion, 
low  carbon  dioxide  in  the  blood,  diminished  afl&nity  of  the  blood  for  oxygen,  and 
retention  of  large  amounts  of  alkali,  indicate  an  excessive  acid  production  during 
the  febrile  stage  of  the  disease. 

*  A  brief  report  of  this  work  was  given  before  the  American  Society  for  CHnical 
Investigation,  Atlantic  City,  N.  J.,  May  7,  1917. 

1  Henderson,  L.  J.,  and  Palmer,  W.  W.,  /.  Biol.  Chem.,  1914,  xvii,  305;  1915, 
xxi,  37;  Arch.  Int.  Med.,  1915,  xvi,  109. 

2  Peabody,  F.  W.,  /.  Exp.  Med.,  1912,  xvi,  701. 
'Lewis,  T.,  Lectures  on  the  Heart,  New  York,  1915. 

^  Palmer  and  Henderson,  Arch.  Int.  Med.,  1913,  xii,  153. 
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Methods. 

The  several,  factors  determined  in  the  urine  were  the  hydrogen 
ion  concentration  by  the  colorimetric  mechod  previously  described,* 
titratable  acidity  by  the  method  to  be  described  presently,  ammonia 
by  Folin  and  Macallum's  method,®  and  the  total  phosphates  by  the 
uranium  acetate  method.  The  combined  carbon  dioxide  in  the  plasma 
was  determined  by  the  Van  Slyke-Stillman-Cullen  method.''  As  the 
method  of  titrating  the  urine  has  been  modified  for  a  special  purpose 
and,  so  far  as  known,  has  not  been  used  before,  it  will  be  described  in 
detail.  In  the  earlier  part  of  the  work  the  method  as  described  by 
Henderson  and  Palmer^  was  used,  but  on  account  of  the  variation 
in  the  hydrogen  ion  concentration  of  the  urine  and  because  of  the 
especial  interest  in  the  fluctuation  in  the  difference  between  the  total 
titratable  acidity  and  the  phosphate  acidity  of  the  urine,  it  seemed 
desirable  to  determine  the  titratable  acidity  between  two  fixed  reac- 
tions, or  in  other  words  to  estimate  the  quantity  of  acid  or  base  in- 
volved in  a  specified  change  of  hydrogen  ion  concentration  at  a  level 
which  is  a  function  of  the  acids  in  question.  By  doing  this  it  is  pos- 
sible to  compare  these  differences  at  a  fixed  hydrogen  ion  con- 
centration. 

The  hydrogen  ion  concentration^  of  5.0  was  selected  as  the  acid  end- 
point  because  most  acid  urines  in  pneumonia,  while  not  infrequently 
reaching  this  degree  of  acidity,  seldom  exceed  it.  The  hydrogen  ion  con- 
centration of  7.4  as  the  neutral  point  was  for  obvious  reasons  retained 
as  in  the  titration  previously  described.  Two  titrations  are  necessary 
and  are  carried  out  as  follows:  10  cc.  of  a'0.1  molal  solution  of  mono- 
potassium  phosphate,  4  parts,   and  disodium  phosphate,   25  parts 

"Henderson  and  Palmer,  /.  Biol.  Chem.,  1912-13,  xiii,  393. 

^  Folin,  O.,  and  Macallum,  A.  B.,  /.  Biol.  Chem.,  1912,  xi,  523. 

^  Van  Slyke,  D.  D.,  Stillman,  E.,  and  Cullen,  G.  E.,  Proc.  Sac.  Exp.  Biol,  and 
Med.,  1914-15,  xii,  165. 

^Throughout  this  paper  the  hydrogen  ion  concentration  has  been  expressed 
by  the  negative  exponent  of  the  hydrogen  ion  concentration,  that  is,  Sorensen's 
pH.  The  minus  sign  is  omitted  for  convenience;  for  example,  a  hydrogen  ion 
concentration  of  5  means  a  pH  of  5  or  an  H"*"  of  10~*.  It  should  be  remembered 
that  an  actual  increase  in  hydrogen  ion  concentration  is  indicated  by  a  de- 
crease in  this  exponential  figure. 
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(yielding  a  hydrogen  ion  concentration  of  7.4)  are  introduced  into  a 
250  cc.  flask,  diluted  to  250  cc.  with  distilled  water,  and  0.2^  cc.  of  a 
1  per  cent  aqueous  solution  of  neutral  red  is  added.  10  cc.  of  urine 
are  similarly  diluted,  neutral  red  is  added,  and  0.1  n  sodium  hydrate  is 
run  in  until  the  color  matches  that  of  the  phosphate  solution.  The 
second  part  of  the  titration  is  accomplished  by  introducing  10  cc.  of 
a  0.14  molal  solution  of  acetic  acid,  23  parts,  and  sodium  acetate,  46 
parts  (yielding  a  hydrogen  ion  concentration  of  5.0)  into  a  250  cc. 
flask,  diluted  to  250  cc.  with  distilled  water,  and  five  drops  of  a  1 
per  cent  aqueous  solution  of  sodium  alizarin  sulfonate  are  added. 
10  cc.  of  urine  are  similarly  diluted,  sodium  alizarin  sulfonate  is 
added,  and  0.1  n  hydrochloric  acid  run  in  until  the  color  matches 
that  of  the  acetic  acid-sodium  acetate  solution.  In  matching  the 
color  of  the  alizarin  solutions,  especially  when  the  urine  is  highly 
colored,  it  has  been  found  desirable  to  place  a  flask  containing  10  cc. 
of  urine  diluted  as  for  titration  but  without  indicator,  behind  the 
flask  containing  the  standard  acetic  acid-sodium  acetate  solution 
with  indicator.  Also  a  flask  with  distilled  water  is  similarly  placed 
back  of  the  urinary  sample  which  is  being  titrated.  The  titration 
must  be  carried  out  in  front  of  a  window  with  good  hght.  The 
titratable  acidity  in  0.1  N  cc.  between  the  hydrogen  ion  concentration 
of  5.0  and  the  hydrogen  ion  concentration  of  7.4  is  the  sum  of  these 
two  titrations. 

With  the  above  data  available,  it  is  possible  to  compare  the  actual 
titratable  acidity  with  that  which  the  phosphates  alone  would  give. 
The  calculation  of  the  part  of  the  phosphates  is  simple.     In   the 

HA 

equilibrium^*'  H+  =  K  X  —  approximately,  where  H+  is  the  hydro- 

BA 

gen  ion  concentration,  K  the  ionization  constant  k  for  the  acid  divided 

by  a,  the  degree  of  ionization  of  the  salt  of  the  acid,  HA  the  undis- 

sociated  acid,  and  BA  the  salt  of  the  acid,  H+  is  determined  and  K 

HA 

is  known,  hence  -—  may  be  easily  calculated;  and  if  the  total  phos- 

^  It  has  been  found  convenient  and  satisfactory  to  use  a  dropping  bottle  for 
adding  the  indicator.  Care  should  always  be  taken  to  add  the  same  size  and 
number  of  drops  to  standard  and  urine  samples.     Three  to  five  drops  are  sufficient . 

10  Henderson,  L.  J.,  Am.  J.  Physiol,  1908,  xxi,  427. 
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phates  are  known  the  amount  of  HA  and  BA  can  be  estimated. 
Reference  to  Sorensen's  measurements  shows  that  this  titration  is 
sufficiently  accurate  within  the  ranges  of  hydrogen  ion  concentration 
involved  in  the  present  investigation.  It  is  appreciated,  however, 
that  the  presence  of  electrolytes  and  variation  in  the  concentration 
of  the  urine  combine  to  decrease  the  accuracy  of  the  titration  but  not 
to  a  degree  sufficient  to  alter  the  conclusions  reached.  An  example 
of  the  calculation  follows. 

The  pH  =  5.3  or  H+  =  50  X  10~^  titratable  acidity  amounts  to  200  cc. 
0.1  N  acid,  total  phosphates  in  terms  of  phosphorus  pentoxide  is  1.0  gm.  When 
the  acid  is  monobasic  phosphate  K  =  2.5  X  10-^.    We  have  then,  from  the 

above  equilibrium,   50  X  10-^  =  2.5  X  10~^  X  — ,  whence =  — :  that  is, 

BA  BA        1 

96  per  cent  of  the  phosphate  exists  as  the  monobasic  phosphate.  1  gm.  of  phos- 
phorus pentoxide  corresponds  to  141  cc.  of  0.1  N  monobasic  phosphate.  Hence 
in  a  mixture  of  mono-  and  dibasic  phosphates  containing  1.0  gm.  of  phosphorus 
pentoxide  and  having  a  hydrogen  ion  concentration  of  5.3,  135  cc.  exist  as  the 
acid  and  6  cc.  in  the  basic  form.     As  our  method  of  titrating  the  urine  carries 

.        ,  ^  ,         ^        ,  .     MH2PO4 

the  reaction  to  a  hydrogen  ion  concentration  of  7.4  or  when  the  ratio  = 

4  M2HPO4 

— ,  14  per  cent  of  the  phosphate  is  in  the  acid  form,  then  the  per  cent  of  the  acid 

phosphate  which  actually  takes  part  in  the  titration  from  a  hydrogen  ion  con- 
centration of  5.3  to  a  hydrogen  ion  concentration  of  7.4  is  96  —  14  or  82  per  cent. 
Hence  82  per  cent  of  141  cc.  amounts  to  115  cc.  and  the  difference  between  the 
actual  acidity  and  acidity  calculated  from  the  phosphates  is  200  —  115  or  85  cc. 

This  difference  is  probably  due  largely  to  free  organic  acids  and  will 
be  so  designated  in  the  discussion  following.  In  Table  I  the  per- 
centage of  acid  phosphate  for  any  hydrogen  ion  concentration  be- 
tween 5.0  and  7.4  has  been  computed,  as  well  as  the  amounts  of  acid 
phosphate  entering  into  the  titration  between  any  hydrogen  ion 
concentration  within  these  limits  and  7.4. 
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TABLE   I. 

Ratio  of  Acid,  HA,  to  Basic,  BA,  Phosphate  at  a  Hydrogen  Ion  Concentration 

Varying  between  7.4  and  4.9  with  the  Percentage  of  Acid  Phosphate 

Taking  Part  in  Titration  When  Carried  to  a  Hydrogen  Ion 

Concentration  of  7. 4.    K  =  2.5x  10~''.    pH  =7.4 

Which  Is  the  Reactiojt  of  Normal  Blood. 


pH. 

H+  X  10-'. 

HA 

BA 

HA. 

HA-14. 

7.4 

0.4 

4 

25 

per  cent 

14 

per  cent 

0 

7.2 

0.6 

6 

25 

19 

5 

7.0 

1.0 

10 

25 

29 

15 

6.9 

1.3 

13 
25 

34 

20 

6.8 

1.6 

16 

25 

39 

25 

6.7 

2.0 

20 
25 

45 

31 

6.6 

2.5 

25 
25 

50 

36 

6.5 

3.2 

32 
25 

56 

42 

6.4 

4.0 

40 

25 

62 

48 

6.3 

5.0 

50 

25 

67 

53 

6.2 

6.3 

63 

25 

72 

58 

6.1 

8.0 

80 

25 

76 

62 

.6.0 

10.0 

100 

25 

80 

66 

5.9 

13.0 

130 

25 

84 

70 

5.8 

16.0 

160 

25 

87 

73 

5.7 

20.0 

200 

25 

89 

75 

5.6 

25.0 

250 

25 

91 

77 
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TABLE   I — Cancluded. 


pH. 

H+  X  10-'. 

HA 
BA 

HA. 

HA-14. 

per  cent 

per  cent 

5.5 

32.0 

320 
25 

93 

79 

5.4 

40.0 

400 
25 

94 

80 

5.3 

50.0 

500 

25 

95 

81 

5.2 

63.0 

630 
25 

96 

82 

5.1 

80.0 

800 

25 

97 

83 

5.0 

100.0 

1000 
25 

98 

84 

4.9 

120.0 

1200 
25 

98 

84 

OBSERVATIONS. 

For  a  preliminary  survey  24  hour  samples  of  fresh  urine  from  six 
normal  individuals  and  seventeen  cases  representing  a  wide  variety 
of  pathological  conditions  selected  from  the  medical  wards  of  the 
Massachusetts  General  Hospital  were  examined,  the  results  of  which 
appear  in  Table  II. 

Case  15  stands  out  very  prominently  with  323  cc.  of  0.1  n  free 
organic  acid,  while  of  the  remaining  cases  10  showed  less  than  50  cc, 
7  less  than  100  cc,  4  less  than  150  cc,  and  1  normal  individual  showed 
as  much  as  187  cc.  It  is  possible  that  the  high  value  in  Case  6  may 
be  explained  partly  by  the  high  hydrogen  ion  concentration  and 
partly  by  the  size  of  the  individual,  or,  indeed,  by  a  possible  abnormal- 
ity in  metabolism.  Cases  16  and  23  had  high  temperatures  but 
showed  only  small  amounts  of  free  organic  acid  when  compared  with 
the  total  acidity.  The  ammonia  excretion  in  Case  15  is  the  highest 
in  the  series  but  is  not  excessive. 
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TABLE   II. 


Normal  and 

Pathological  Individuals. 

No. 

V 

3 

"o 
E 

3 
1 

J3 

■53 

0. 

!5 

d 

< 

•i 

d 

.2 
'c 
0 
S 

a 
< 

cc. 

'3 
0 
S 

S 
a 

+  2; 

■5° 
< 

c 
a. 

H 

IS 

CM 

0 

c  ^ 

ay  . 

•0x1 

rt  <u     ■ 
bC-OO 

Remarks. 

cc. 

kg. 

cc. 

cc. 

gm. 

CC. 

CC. 

1 

1,420 

94 

6.0 

336 

450 

786 

2.45 

228 

108 

Normal. 

2 

1,560 

64 

6.1 

272 

375 

647 

2.31 

202 

70 

" 

3 

2,000 

79 

6.3 

320 

590 

910 

3.95 

295 

25 

(< 

4 

2,100 

89 

6.7 

143 

458 

601 

2.33 

102 

41 

(< 

5 

1,100 

73 

5.7 

386 

418 

804 

3.05 

323 

63 

<t 

6 

1,000 

91 

5.4 

415 

350 

765 

2.02 

228 

187 

i( 

7 

2,000 

61 

5.9 

186 

280 

466 

1.34 

132 

54 

Chronic  alcoholism. 

8 

740 

80 

6.1 

126 

420 

546 

1.55 

135 

-9 

Arteriosclerosis. 

9 

1,700 

68 

5.7 

180 

293 

473 

1.40 

148 

32 

Pernicious  anemia. 

10 

2,650 

69 

7.0 

64 

382 

446 

2.16 

46 

18 

Cardiorenal  disease. 

11 

750 

78 

5.3 

125 

252 

377 

0.63 

72 

53 

(<                  (< 

12 

1,290 

44 

6.0 

184 

160 

344 

1.45 

135 

49 

Pleurisy  with  effusion. 

13 

2,440 

50 

6.3 

176 

346 

522 

2.02 

151 

25 

a              u           u 

14 

2,500 

51 

6.0 

182 

390 

572 

1.58 

147 

35 

Unexplained  edema  of 
lower  legs. 

15 

2,360 

70 

5.3 

580 

750 

1,330 

2.25 

257 

323 

Acute  lobar  pneumonia. 

16 

580 

62 

5.3 

242 

550 

792 

0.90 

103 

139 

"  endocarditis.  Tem- 
perature 103°F. 

17 

1,540 

68 

5.5 

510 

595 

1,105 

3.38 

377 

133 

Diffuse  sclerosis  of  cen- 
tral nervous  system. 

18 

1,120 

66 

6.3 

210 

392 

602 

1.95 

146 

64 

Cholelithiasis. 

19 

1,350 

74 

6.2 

155 

141 

296 

1.18 

97 

58 

Convalescent;  typhoid 
fever. 

20 

560 

63 

5.6 

145 

170 

315 

0.88 

96 

49 

Cholehthiasis. 

21 

2,500 

50 

6.7 

100 

380 

480 

1.20 

52 

48 

Chronic  constipation. 

22 

900 

57 

5.7 

206 

355 

561 

1.10 

116 

90 

Diabetes  (ferric  chloride 
reaction  negative). 

23 

1,775 

60 

5.8 

445 

683 

1,128 

3.24 

334 

111 

Typhoid  fever.  Temper- 

ature 104.0°F. 

*  All  samples  gave  no  color  with  ferric  chloride. 


Normal  Individuals.— Four  normal  subjects  of  widely  varying 
weights  were  examined.  Very  little  difference  between  the  individuals 
was  found,  hence  only  one  of  the  protocols  is  given  (Table  III). 
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TABLE   III, 


Factors  Determined  on  a  Normal  Individual,  Weight  70  Kilos,  for  9  Consecutive 

Days. 


■^ 

a 

if 

i^' 

.-o-n 

^9 

rt.9 

rt"^ 

i 

a. 

D.2 

u  1 

0"° 

z 

Volume 
of  urine. 

pH. 

Acid  0.1 

N. 

2 

o    . 

^    0) 

J3  (Ur~ 

0^  z 

d 

ay. 

D.t3^ 

ft-o^ 

0 

"^Tl 

g-xK 

g-xM 

utlK 

^  w  ^^ 

E 

'o 

Jo 

^  o  ft 

^O  ft 

j;  rt  ft 

2  rtO 

a 

< 

fu 

CL, 

CL( 

fe 

b 

< 

ec. 

CC. 

CC. 

gm. 

CC. 

CC. 

CC. 

CC. 

CC. 

1,080 

5.5 

318 

378 

1.63 

182 

190 

136 

188 

346 

1,270 

5.6 

324 

414 

1.81 

196 

212 

128 

202 

432 

1,000 

5.6 

320 

400 

1.86 

202 

220 

118 

180 

280 

1,090 

5.5 

175 

251 

1.70 

189 

202 

-14 

49 

344 

600 

5.5 

180 

246 

1.00 

112 

118 

68 

128 

132 

1,070 

6.6 

257 

460 

1.92 

96 

228 

161 

232 

293 

1,930 

6.4 

250 

425 

1.52 

103 

180 

147 

245 

367 

1,015 

6.0 

142 

234 

0.85 

79 

100 

63 

134 

238 

1,510 

5.7 

288 

378 

1.72 

180 

202 

108 

176 

417 

There  is  considerable  variation  in  the  amounts  of  free  organic 
acid  both  when  calculated  from  the  hydrogen  ion  concentratipn  at 
which  the  urine  was  passed  and  when  estimated  at  the  hydrogen  ion 
concentration  of  5.0.  The  hydrogen  ion  concentration  of  the  case 
selected  varies  very  little  although  the  free  organic  acid  varies  con- 
siderably. In  general,  as  the  hydrogen  ion  concentration  increases 
in  value,  that  is,  as  the  urine  becomes  more  alkaline,  the  amount  of 
organic  acid  present  in  the  free  state  is  less.  On  the  other  hand,  as 
the  reaction  approaches  a  hydrogen  ion  concentration  of  5.0  the 
organic  acid  fraction  increases  very  rapidly. 

Individuals  with  Acute  Lobar  Pneumonia. — In  all,  thirty  cases  of 
acute  lobar  pneumonia,  involving  the  analysis  of  325  24  hour  samples 
of  urine,  were  studied.  It  is  not  necessary  to  report  in  detail  all  of 
the  protocols  of  the  series.  Certain  cases  have  been  selected  as 
representative  of  the  various  conditions  found  in  the  group  (Tables 
IV,  V,  VI,  VII,  and  VIII).  In  general  it  may  be  said  that  the  more 
severe  the  intoxication  the  greater  the  amounts  of  free  organic  acid  at 
the  hydrogen  ion  concentration  of  5.0  which  are  present.  The  t>pe  of 
organism^i  was  determined  in  twenty-three  of  the  cases,  showing  4 

^1  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  Ixi,  727. 
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with  Type  I,  11  with  T>'pe  II,  4  with  Type  III,  and  4  with  Type 
IV. 

One  of  the  four  with  Type  I  infection  showed  an  increase  in  the 
free  organic  acid  but  in  small  amount  only.  In  six  of  the  Type  II 
group  there  was  a  very  marked  increase,  in  three  a  moderate  increase 
of  the  free  organic  acid,  while  two  were  without  any  significant  change. 
There  was  no  increase  in  the  acid  excretion  in  any  of  the  Type  III 
cases.  This  finding  is  not  what  might  be  expected  a  priori  because 
this  type  of  infection  has  proved  to  have  the  highest  mortahty  of  all, 
50  per  cent  of  the  cases  being  fatal.  One  of  the  group  studied  died, 
the  protocol  of  whom  is  given  in  Table  V.  Two  of  the  Type  IV  cases 
showed  some  increase  in  the  free  organic  acid  excretion;  the  others 
did  not. 

The  case  reported  in  Table  IV  was  chosen  as  an  example  of  those 
individuals  who  showed  no  particular  signs  of  either  acidosis  or  in- 
crease in  acid  excretion  from  the  laboratory  or  clinical  standpoint. 
The  total  amount  of  acid  excreted  is  not  excessive;  although  the 
ammonia  excretion  on  the  6th  and  7th  days  of  the  disease  just  before 
the  crisis  is  greater  than  on  the  days  following,  it  is  not  large.  At 
no  time  is  the  combined  carbon  dioxide  of  the  plasma  below  normal. 
The  lower  Hmit  of  normal  given  by  Van  Slyke,  Stillman,  and  Cullen 
is  55  volume  per  cent,  which  corresponds  to  an  alveolar  air  of  about 
38  mm.  carbon  dioxide  tension.  The  acidity  of  the  urine  fell  at  the 
time  of  the  crisis,  and  this  occurred  in  most  of  the  cases  having  a 
definite  crisis. 

The  protocol  of  a  fatal  case  appearing  in  Table  V  is  given  to  illus- 
trate the  unexpected  finding  in  the  Type  III  infection.  Although 
the  intoxication  in  this  infection  was  very  great,  there  was  no  marked 
increase  in  the  free  organic  acid  nor  was  there  any  other  evidence  of 
acid  intoxication.  The  ammonia  and  acid  excretion,  as  well  as  the 
combined  carbon  dioxide  in  the  plasma,  were  well  within  normal 
Hmits. 

In  Table  VI  are  given  the  data  of  a  case  with  Type  II  infection 
which  is  a  fair  example  of  what  frequently  occurs  in  the  more  severe 
infections. 

At  the  time  of  the  crisis  the  amounts  of  acid  not  accounted  for  by 
the  phosphates  fall   off  and   quite  regularly  during  convalescence 


TABLE   IV. 


Hospital  No.  2,852;  Male;  Age  33  Years.     Process  Confined  to  the  Left  Lower  Lobe. 

Type  I  Infection.     Blood  Culture  Positive.     Treated  mith  Serum. 

A  Severe  Chill  Followed  the  Fifth  Treatment,  after  Which 

the  Temperature  Fell  by  Crisis. 


k 

o. 

i 

s 

3 

s 

'c 

i 

-a 

a 

s 

9 

3 

a 
E 

i 

c 

1 

c 

S 

3 

H 

c 

"d. 
S 

B 

3 

a 
■a 
■g 

-o 

c 

a 

3 

a 

re 

0) 

_c 

3 

"o 

a 

_3 

"o 

> 

a 

•i. 
d 

cc. 

b 

i. 
d 

q 

a 

a 

."2 
'5 

< 

cc. 

c 

■a 
'S 
o 

c 
a 

I 

o 

c. 

1 

a, 
gm. 

d 

•a 

o 
■c    . 

a;! 
|5 

cc. 

e 

{ 
(a-d) 

g 

(b-e) 

h 

i 

.a 

•o 

"S 

Q 

."2 

ti 

3K 

-a 

Oh 

T3d 

o  O. 

a.s 

o  E 
fa 

a 

0, 
."2 

0  u-i 

fa 

■i 

d 

.5 
"c 

o 

a 
a 
< 

c  »J 

'Z  '^ 

■V  u 

Jl 
.5  E 

Remarks. 

•F. 

cc. 

cc. 

cc 

cc. 

cc. 

5 

104.5 

124 

54 

102.5 

108 

46 

1,060 

5.4 

460 

533 

2.50 

282 

296 

178 

237 

650 

58.6 

175  CC.  of  antipneu- 
mococcus  serum. 

6 

103.6 

106 

48 

100.8 

96 

40 

1,105 

5.5 

196 

265 

0.51 

57 

60 

139 

205 

910 

60.6 

300  cc.  of  antipneu- 
mococcus  serum. 
Chill. 

7 

106.5 

154 

46 

98.2 

72 

30 

1,185 

5.7 

250 

440 

1.20 

127 

142 

123 

298 

975 

8 

100.5 

88 

40 

99.5 

72 

28 

985 

6.1 

145 

334 

0.74 

65 

88 

80 

246 

630 

61.7 

9 

99.5 

76 

40 

99.2 

60 

24 

865 

6.6 

152 

372 

1.10 

43 

130 

109 

242 

430 

10 

100.4 

76 

36 

98.5 

60 

28 

1,200 

6.4 

370 

665 

3.00 

204 

356 

166 

309 

605 

11 

99.5 

78 

28 

98.5 

64 

20 

900 

5.8 

310 

436 

1.80 

184 

212 

126 

224 

790 

62  2 

12 

100.4 

80 

32 

99.0 

74 

28 

900 

5.6 

225 

336 

1.27 

138 

150 

87 

186 

378 

13 

100.4 

88 

28 

99.4 

80 

20 

625 

5.6 

73 

145 

0.83 

90 

98 

-17 

47 

295 

69.1 

14 

101.6 

100 

40 

100  0 

80 

20 

1,230 

5.6 

325 

450 

1.68 

182 

198 

143 

252 

410 

Beginning  of  serum 
disease. 

IS* 

102  6 

100 

36 

100.5 

80 

20 

850 

5.5 

278 

356 

1.32 

147 

156 

131 

200 

283 

*  This  case  was  followed  for 
in  the  data,  they  are  not  given. 


a  week  longer  but  as  there  was  nothing  of  note 
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TABLE   V. 


Hospital  No.  2,593;  Male;  Age  37  Years.     Process  at  the  Entrance  of  the  Right 
Lower  Lobe  E.xtending  2  Days  before  Death  to  the  Entire  Right  Lung. 
Type  III  Infection.     Blood  Culture  Positive.     Treated  with 
Optochin.     Died  on  the  9th  Day  of  the  Disease. 
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3 
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112 

38 

102.5 
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32 

1,425 

5.8 

184 

395 

1.57 

lt! 

186 

22 

209 

All 

54.1 

4 

104.0 

116 

42 

103.0 

100 

36 

1,675 
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5.6 
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363 

396 
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40 
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32 

2,040 

5.2 
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3.04 
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360 

36 
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51.3 

7 

102.0 

120 

48 

102.0 

102 

32 

1,510 

5.2 

348 

410 

2.60 

300 

308 

48 

102 

800 

50.4 

Died  2  days 

later. 

keep  mthin  normal  Kmits.  Early  in  the  investigation  before  the 
free  organic  acid  fraction  was  compared  at  the  fixed  point  of  pH  =  5.0, 
this  remarkable  decrease  was  somewhat  misleading  due  to  the  fact 
that  the  hydrogen  ion  concentration  of  the  urine  changed  to  the 
nearly  neutral  point  at  the  crisis.  On  the  7th  day  of  the  disease 
the  free  organic  acid  excreted  in  24  hours  amounted  to  760  cc,  while 
in  the  days  following  the  limits  were  between  220  and  351  cc. 
There  was  also  a  marked  increase  in  the  ammonia  excretion,  amount- 
ing to  2,050  cc.  on  the  7th  day,  rapidly  coming  down  to  normal  values 


TABLE   VI. 


Hospital  No.  2,865;  Male;  Age  23  Years.     Process  Involving  the  Entire  Left  Lung. 
Type  II  Infection.     Blood  Culture  Negative.     Treated  with  Optochin. 

Recovery. 
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72 
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3.04 
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66.8 

8 
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76 

40 
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70 

28 
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6.5 
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507 

1.32 

78 

156 

124 
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60.8 

10 

101.2 

80 

30 

99.8 

46 

24 
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5.8 

390 

565 

2.42 
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140 
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63.8 

11 

101.0 

76 

32 

98.0 

60 

24 

650 

5.6 

387 
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2.36 

256 

280 

131 

220 

700 

12 

99.5 

68 

24 

99.0 

58 

20 

900 

5.8 

400 

532 

2.63 

271 

312 

129 

220 

510 

13 

99.8 

72 

24 

98.3 

60 

20 

925 

5.5 

500 

563 

2.75 

306 

325 

194 

238 

495 

14 

99.2 

64 

22 

98.6 

60 

20 

1,688 

5.4 

450 

515 

2.10 

236 

248 

214 

267 

580 

15* 

99.5 

96 

22 

99.0 

60 

20 

1,200 

5.6 

412 

460 

2.03 

220 

240 

192 

220 

327 

*  This  case  was  followed  a  week  longer  but  as  the  data  contained  nothing  of 
especial  interest  they  are  not  given. 
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after  the  crisis.  A  decided  fall  in  urinary  acidity  occurred  after  the 
crisis.  Throughout  the  entire  course  of  the  disease,  however,  the 
combined  carbon  dioxide  in  the  plasma  remained  normal,  indicating 
the  ability  of  the  organism  to  cope  with  the  increased  acid  production. 
The  case  reported  in  Table  VII  excreted  the  largest  amount  of  free 
organic  acid  in  24  hours  of  any  of  the  cases  observed.  On  the  4th 
day  of  the  disease  1,165  cc.  of  the  total  acidity  of  1,800  cc.  at  a  hydro- 
gen ion  concentration  of  5.0  were  unaccounted  for  by  the  phosphates. 
The  intoxication  was  intense.  That  the  mechanism  for  regulating 
the  acid-base  equilibrium  was  sufficient  is  proved  by  the  combined 
carbon  dioxide  in  the  plasma.  Only  2  hours  before  death  it  was 
62.5  volume  per  cent,  the  lowest  at  any  time  during  the  disease. 


TABLE  vn. 

Hospital  No.  2,869;  Male;  Age  31  Years.     Process  in  the  Right  Lower  Lobe.     Type 
II  Infection.     Blood  Culture  Positive.     Treated  with  Serum  and  Optochin. 

Died. 
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*  190  cc.  of  antipneumococcus  serum. 

t  Died  on  the  6th  day  of  the  disease.    The  combined  carbon  dioxide  in  the 
plasma  2  hours  before  death  was  62.5  voliune  per  cent. 
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TABLE   VIII. 


Hospital  No.  2,634;  Male;  Age  42  Years.     Process  Confined  to  the  Right  Lower  Lobe. 
Type  IV  Infection.     Blood  Culture  Negative.     Treated  with  Optochin. 

Recovery. 
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TABLE  VIII — Concluded. 
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49 

The  individual  with  a  Type  IV  infection  reported  in  Table  VIII 
revealed  a  condition  not  found  in  any  of  the  other  cases  studied. 
While  there  were  only  small  amounts  of  free  organic  acid  excreted 
during  the  fastigium  of  the  disease  and  in  convalescence,  the  ammonia 
excretion  was  very  high  until  after  the  crisis,  when  the  24  hour  values 
became  normal.  There  was  never  any  significant  lowering  of  the 
combined  carbon  dioxide  in  the  plasma. 


DISCUSSION. 


The  facts  brought  out  by  the  investigation  are  that  in  many,  usually 
the  more  severe,  cases  of  acute  lobar  pneumonia  there  are  excreted 
during  the  fastigium  of  the  disease  considerable  quantities  of  an  organic 
acid  which  is  free  at  a  hydrogen  ion  concentration  of  5.0,  and  that 
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there  is  seldom  a  severe  grade  of  acidosis  as  estimated  by  the  amount 
of  combined  carbon  dioxide  in  the  plasma.  The  nature  and  biological 
importance  of  this  organic  acid  are  not  without  interest.  Certain 
possibilities  are  suggested.  Because  of  its  prevalence  in  many 
conditions  where  there  is  abnormal  metabolism,  /3-hydroxybutyric 
acid  was  searched  for,  although  all  specimens  examined  had  a  nega- 
tive or  at  most  a  very  faint  ferric  chloride  reaction.  The  ionization 
constant  of  |8-hydroxybutyric  acid  is  2  X  10~^,  therefore  one-third  of 
the  acid  is  free  in  a  urine  with  a  hydrogen  ion  concentration  of  5.0. 
Quantitative  estimates  revealed  insignificant  amounts.  This  is  not 
surprising  when  one  considers,  for  instance,  that  in  Table  VI  on  the 
7  th  day  of  the  disease  the  acid  unaccounted  for  amounts  to  760  cc. 
and  if  it  were  all  due  to  /3-hydroxybutyric  acid  there  would  be  present 
a  total  of  24  gm.  of  the  acid,  an  amount  which  is  seldom  encountered 
except  in  the  more  severe  grades  of  acidosis  in  diabetes.  Hippuric 
acid  with  an  ionization  constant  of  2.2  X  10~*,  acetoacetic  acid  with 
an  ionization  constant  of  1.5  X  10~*,  and  lactic  acid  with  an  ioniza- 
tion constant  of  1.4  X  10~*  whereby  only  5  to  7  per  cent  of  an  acid 
can  exist  free  at  a  hydrogen  ion  concentration  of  5.0  could  hardly  be 
expected  to  account  for  any  considerable  quantities  of  free  organic 
acid.  Acetic  acid,  the  ionization  constant  of  which  is  1.9  X  10~*, 
exists  about  one- third  free  at  a  hydrogen  ion  concentration  of  5.0, 
hence  it  becomes  a  possibiHty.  While  uric  acid  with  an  ionization 
constant  of  1.5  X  10~®  may  be  87  per  cent  free  at  a  hydrogen  ion 
concentration  of  5.0,  the  total  amount  of  this  substance  is  easily 
estimated  and  has  never  been  found  to  account  for  more  than  a  few 
cubic  centimeters  of  the  free  acid.  Nor  can  the  conjugated  sulfuric 
acid  be  responsible  for  any  large  quantities  as  shown  by  several 
ethereal  sulfate  determinations.  The  oxy-  and  other  less  well  known 
acids  are  possibilities,  but  as  their  ionization  constants  are  not  known 
nothing  definite  can  be  stated  about  them.  In  Table  VIII  the  acid 
is  apparently  a  fairly  strong  one  as  shown  by  the  high  ammonia 
without  much  free  acid  or  high  total  phosphates. 

As  it  has  been  shown  that  normally  at  a  hydrogen  ion  concentration 
of  5.0  there  exists  a  certain  titratable  acidity  that  cannot  be  accounted 
for  by  the  phosphates,  it  is  possible  that  the  increase  in  this  value 
during  pneumonia  may  be  due  simply  to  an  increase  of  a  normal 
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constituent  of  the  urine.  On  the  other  hand,  the  possibility  of 
abnormal  oxidation  products  leads  one  to  suspect  that  there  may 
exist  some  pathological  substances  to  account  for  the  phenomenon 
and  this  in  part  has  been  borne  out  by  our  investigation.  If  this  is 
the  case,  its  part,  if  any,  in  the  intoxication  encountered  in  the  dis- 
ease is  of  much  interest.  Considerable  investigation  of  the  nature 
and  significance  of  the  increase  in  the  free  organic  acid  production  of 
the  urine  during  pneumonia  has  been  carried  out,  and  will  form  the 
subject  of  a  future  communication. 

SUMMARY. 

There  is  excreted  in  the  urine  of  subjects  ill  with  acute  lobar  pneu- 
monia a  large  amount  of  organic  acid  which  is  free  at  a  hydrogen  ion 
concentration  of  5.0. 

Acidosis  as  determined  by  the  combined  carbon  dioxide  in  the 
plasma  is  seldom,  if  ever,  severe. 


FURTHER  STUDIES  ON  THE  EPIDEMIOLOGY  OF  LOBAR 

PNEUMONIA. 

By  ERNEST  G.  STILLMAN,  M.D. 

(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  1,  1917.) 

Previous  studies  on  the  epidemiology  of  lobar  pneumonia  have 
shown  that  although  pneumococcus  is  present  in  the  mouths  of  about 
50  per  cent  of  normal  individuals,  it  is  extremely  rare  to  find  pneu- 
mococcus of  Type  I  or  Type  II  in  the  normal  mouth  except  in  in- 
dividuals who  have  been  in  intimate  association  with  patients  suffer- 
ing from  lobar  pneumonia  due  to  organisms  of  these  types.  The 
observations  of  Dochez  and  Avery'  suggest  that  in  many  instances 
lobar  pneumonia  may  be  due  to  contact  infection.  The  source  of 
such  infection  may  be  either  an  individual  who  has  recovered  from 
lobar  pneumonia  but  who  still  harbors  in  his  mouth  the  infectious 
microorganism,  or  a  healthy  carrier  who  has  acquired  the  organism 
from  association  with  a  case  of  lobar  pneumonia. 

In  the  present  paper  are  reported,  first,  the  varieties  of  pneu- 
mococcus isolated  from  cases  of  lobar  pneumonia  admitted  to  the 
Hospital  of  The  Rockefeller  Institute  during  the  past  5  years,  second, 
the  varieties  of  pneumococcus  found  in  the  mouths  of  normal  in- 
di\dduals,  third,  a  study  of  the  types  of  pneumococcus  present  in  the 
mouth  secretions  of  members  of  households  where  cases  of  Tj-pe  I 
and  Type  II  pneumonia  have  occurred,  fourth,  the  types  of  pneu- 
mococcus obtained  from  the  dust  of  rooms  in  which  no  case  of  pneu- 
monia is  known  to  have  occurred,  fifth,  the  types  of  pneumococcus 
obtained  from  the  dust  in  homes  where  pneumonia  of  Type  I  or 
Type  II  has  occurred,  and  sixth,  two  epidemics  of  pneumonia. 

1  Dochez,  A.  R.,  and  Avery,  O.  T.,  /.  Exp.  Med.,  1915,  xxii,  105. 
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Varieties  of  Pneumococcus  Concerned  in  the  Production  of  Lobar 

Pneumonia. 

During  the  past  5  years  a  study  has  been  carried  on  of  the  types  of 
pneumococcus  isolated  from  454  cases  of  lobar  pneumonia  admitted 
to  the  wards  of  the  Hospital  of  The  Rockefeller  Institute.  These 
organisms  have  been  isolated  from  sputum,  from  blood  cultures,  or 
directly  from  the  lung.  In  many  instances  they  have  been  isolated 
from  more  than  one  of  these  sources  and  classified  in  the  biological 
group  already  described  by  Dochez  and  Gillespie.^  The  results  of 
this  classification  are  shown  in  Table  I. 


TABLE   I. 
Types  of  Pneumococcus  Causing  Lobar  Pneumonia  in  454  Cases. 


Pneumococcus. 

Incidence. 

Type     I 

151 

133 

6 

4 

9 

59 

92 

per  cent 
33.26 

"      II 

29.29 

"      II  a 

"      lib 

1.32 
0.88 

"      II  X 

1  98 

"    III 

12.99 

"    IV 

20.26 

The  incidence  of  Types  II  a,  II  b,  and  II  x,  subvarieties  of  Type  II, 
described  by  Avery  ,^  has  only  been  determined  during  the  last  2  years. 

Varieties  of  Pneumococcus  in  the  Normal  Mouth. 

Pneumococci  were  isolated  in  116  instances  from  the  saliva  of  297 
normal  individuals  in  whom  no  history  of  contact  with  a  previous 
case  of  lobar  pneumonia  could  be  obtained.  In  five  instances  two 
types  of  pneumococci  were  isolated  from  the  same  individual.  Pneu- 
mococcus TjT^e  I  was  isolated  only  once;  Pneumococcus  Type  II 
was  not  found  among  these  297  healthy  individuals.  Among  the 
39  per  cent  showing  pneumococcus  in  the  mouth  secretions,  the  dis- 

2  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  Ixi,  727. 
'Avery,  O.  T.,  /.  Exp.  Med.,  1915,  xxii,  804. 
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TABLE   II. 

Types  of  Pnciimococcus  Isolated  from  the  Saliva  of  Normal  Individuals  Not  in 
Direct  Contact  with  Lobar  Pneumonia. 


Pneumococcus. 

Incidence. 

1 
0 
1 

7 

14 
34 
64 

116 
181 
297 

per  cent 
0  8 

<'       II 

0 

"       II  a                

0  8 

"       II  b       

5.8 

"      II  X 

11.6 

"     III 

28.1 

"     IV 

52.9 

Pneumococcus  present 

"             absent 

tribution  of  types  is  in  striking  contrast  to  that  which  is  found  among 
individuals  in  direct  contact  with  disease.  In  Table  IV  are  given  the 
results  of  the  examinations  of  184  normal  individuals  known  to  be  in 
contact  with  a  case  of  lobar  pneumonia  due  to  pneumococci  of  Types 
I  and  II.  Among  107  normal  individuals  known  to  be  intimately 
associated  with  a  Type  I  infection,  15  per  cent  showed  pneumococcus 
of  the  same  type  as  that  causing  disease.  Of  the  remaining  77 
individuals,  all  of  whom  were  in  direct  contact  with  a  Type  II  in- 
fection, this  organism  was  isolated  in  5  instances  (6  per  cent).  In  all, 
pneumococci  of  the  more  strictly  disease-producing  types,  I  and  II, 
were  found  in  11  per  cent  of  individuals  in  direct  contact  with  cases 
of  lobar  pneumonia  due  to  these  types;  while  among  297  individuals 
in  whom  no  history  of  previous  contact  could  be  obtained,  pneu- 
mococci of  Types  I  and  II  were  found  in  only  0.8  per  cent. 

The  pneumococcus  is  found  in  the  mouths  of  many  normal  in- 
dividuals. In  some  the  same  type  of  pneumococcus  is  present 
constantly,  while  in  others  the  types  may  vary  from  time  to  time  or 
entirely  disappear.  In  Table  III  is  presented  a  study  of  the  t>'pes  of 
pneumococcus  recovered  from  the  saliva  of  942  healthy  persons. 

From  the  sahya  of  942  normal  individuals  including  those  in  con- 
tact with  lobar  pneumonia  one  or  more  types  of  pneumococcus  were 
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TABLE  III. 


Types  of  Pneumococcus  Isolated  from  the  Sputum  of  Normal  Individuals, 
Including  Those  in  Direct  Contact  with  Lobar  Pneumonia. 


Pneumococcus. 

Incidence. 

Tj'pe     I 

"      II 

34 
22 

1 

26 

47 

85 

271 

450 
492 
942 

per  cent 

7.0 

4  5 

"     II  a 

0  2 

"     lib 

"      11  X 

5.3 
9  7 

"    III 

17.5 

"    IV 

Pneumococcus  present 

55.8 

"            absent 

isolated  in  450  instances,  or  47  per  cent.  In  492  individuals  no  pneu- 
mococci  could  be  recovered  at  the  time  of  examination.  Type  I 
pneumococcus  was  isolated  from  34  individuals.  ZZ  of  these  persons 
had  recently  been  in  close  association  with  a  case  of  lobar  pneumonia 
due  to  the  same  type.  In  only  one  instance  was  there  no  history  of 
contact.  From  22  individuals  Type  II  pneumococcus  was  obtained. 
19  of  these  persons  had  recently  been  intimately  associated  with  a  case 
of  lobar  pneumonia  of  Type  II.  It  is  significant  that  only  once  was 
pneumococcus  of  Type  II  a  isolated  from  a  normal  mouth.  Yet  this 
organism  was  responsible  for  six  cases  of  pneumonia,  or  1.32  per  cent. 
On  the  other  hand,  Pneumococcus  Type  II  b  was  found  26  times  and 
Pneumococcus  Type  II  x  47  times  in  normal  mouths.  In  view  of  the 
relative  frequency  of  Types  II  b  and  II  x  in  normal  mouths,  these 
organisms,  as  those  of  Types  III  and  IV,  must  be  considered  as  nor- 
mal inhabitants  of  the  healthy  mouth.  It  is  not  infrequent  to  find 
two  types  of  pneumococcus  at  the  same  time  in  one  mouth.  But  as 
yet  a  Type  I  and  a  Type  II  pneumococcus  have  never  been  found 
simultaneously  in  the  same  mouth. 
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Incidence  of  Ihe  Carrier  Condition  in  Normal  Individuals  in  Contact 
with  Patients  Suffering  from  Lobar  Pneumonia. 

Dochez  and  Avery'  have  shown  that  many  individuals  who  come 
in  contact  with  active  cases  of  lobar  pneumonia-  due  to  infection  with 
Pneumococcus  Type  I  and  Type  II  carry  in  their  mouth  secretions 
a  pneumococcus  of  the  same  type  as  that  causing  the  disease  with 
which  they  have  been  associated.  In  order  to  determine  the  fre- 
quency with  which  normal  individuals  acquire  these  types  of  pneu- 
mococcus, the  following  study  was  carried  on. 

A  nurse  was  sent  to  the  home  as  soon  as  possible  after  a  patient 
suffering  from  pneumonia  due  to  Type  I  or  Type  II  had  been  ad- 
mitted to  the  hospital.  Specimens  of  sputum  were  collected  from 
all  members  of  the  household;  i.e.,  all  persons  who  had  come  in  contact 
with  the  patient.  In  Table  IV  are  presented  the  results  of  this 
study.  This  table  includes  all  the  cases  which  were  studied  from  this 
point  of  \'iew.  It  shows  the  incidence  and  type  of  pneumococcus 
found  among  the  members  of  52  households.  From  28  of  these 
homes  came  patients  with  lobar  pneumonia  due  to  Type  I  infection. 
Among  the  107  members  of  these  families  16,  or  15  per  cent,  showed 
Type  I  pneumococcus.     One  or  more  positive  contacts  were  found  in 

10  (36  per  cent)  of  the  homes.  Type  II  pneumococcus  was  isolated 
from  only  1  individual.  77  individuals  from  24  homes  in  which  a 
case  of  Type  II  pneumonia  had  occurred  were  studied.  From  5, 
or  6  per  cent,  a  Type  II  pneumococcus  was  isolated.  In  5,  or  21 
per  cent,  of  the  24  homes  a  positive  contact  was  found.  A  Type  I 
pneumococcus  was  not  found  among  these  individuals.  Altogether, 
from  a  total  of  52  cases  of  lobar  pneumonia  due  to  Type  I  and  Type 
II,  15,  or  28  per  cent,  gave  rise  to  the  carrier  condition  in  at  least 
one  of  their  immediate  associa:tes.  The  total  number  of  households 
examined  was  52,  and  in  15,  or  28  per  cent,  there  were  one  or  more 
persons  who  showed  pneumococcus  of  Type  I  or  Type  II  in  their 
sputum.  Of  the  184  persons  who  composed  these  households  21, 
or  11  per  cent,  showed  either  a  Type  I  or  a  Type  II  pneumococcus. 

The  average  carrying  period  for  Type  I  was  25  days,  and  for  Type 

11  43  days.  The  carrying  period  was  roughly  estimated  by  taking 
the  middle  date  between  the  last  positive  sputum  and  the  first  nega- 
tive one.  If  the  contact  was  still  positive  at  the  last  examination, 
a  plus  sign  is  added. 
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TABLE   IV. 

Incidence  of  the  Carrier  Condition  in  Healthy  Individuals  in  Contact  with  Lobar 

Pneumonia. 


Case  No. 

Type  of 
infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,746 

I 

Father. 
Mother. 
Sister  T. 
"    A. 

IV 

No  pneumococcus. 
IV 
IV 

2,751 

II 

Wife. 

Sister. 

Brother. 

Brother-in-law. 

II  X  and  III 
No  pneumococcus. 
IV 
II  b  and  IV 

2,786 

II 

Husband. 
Son. 

II  X 

IV 

Daughter. 
Friend. 

IV 
II 

48 

2,804 

I 

"     Mr.  0. 
"     Mrs.  0. 
"     G. 
"     H. 

IV 
IV 

II  X 

IV 

2,814 

I 

Wife. 
Brother. 

IV 
lib 

2,815 

I 

Husband. 
Daughter  R. 
H. 
Friend. 

No  pneumococcus. 

I 
No  pneumococcus. 

II  X 

6 

2,816 

I 

Wife. 
Son. 

No  pneumococcus. 
I 

31 

2,821 

I 

Sister-in-law. 

Brother. 

Friend. 

No  pneumococcus. 
II 
lib 

Undetermined. 

2,824 
2,825 

2,827 

I 
II 

II 

Sister. 

Wife. 

Son-in-law. 

Daughter. 

Wife. 

Friend. 

No  pneumococcus. 

II 
No  pneumococcus. 

II  X 

No  pneumococcus. 
II  b  and  III 

48 

2,834 

II 

Sister. 
Niece  T. 

"    M. 
Nephew  H. 
Friend  C. 

"      D. 

IV 
IV 

IV 
II  b  and  IV 
Hb    "    III 
lib    "    IV 
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TABLE  IV — Continued. 


Type  of 

Case  No. 

infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,852 

I 

Mother. 
Sister  M. 
"    A. 
Brother  L. 
"      I. 

No  pneumococcus. 
IV 

No  pneumoccocus. 

«              « 

II  .X 

2,853 

II 

Mother. 
Father. 
Sister  E. 
"    A. 
Brother. 

No  pneumococcus. 

IV 
No  pneumococcus. 

«                u 
li                « 

2,854 

II 

Wife. 
Daughter  H. 

"       M. 

"       I. 

li              « 

U                       li 

n                   « 

III  and  IV 

Friend. 

II 

Undetermined. 

2,858 

I 

Wife. 
Daughter. 
SonR. 
"   I. 

No  pneumococcus. 
IV 
II  .X  and  IV 
IV 

2,868 

II 

Mother. 
Brother  E. 

"      A. 

"      W. 

lib 

No  pneumococcus. 

«           li 

li           li 

2,869 

II 

Wife. 

Daughter  A. 
I. 
Brother. 

IV 

No  pneumococcus. 

a                li 
li                it 

2,874 

I 

Friend  F. 

"      J. 
"      H. 

II  X 
III 
II  X 

2,879 

II 

Wife. 

No  pneumococcus. 

2,880 

I 

Mother. 
Father. 
Brother  W. 
"      R. 

IV 

No  pneumococcus. 
IV 
III 

Sister. 

laadlV 

41 

2,881 

II 

Brother. 

Brother-in-law. 

Niece. 

IV 

No  pneumococcus. 
II  X  and  III 
IV 
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TABLE   IV- 

— Continued. 

Type  of 

Case  No. 

infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

« 

days 

2,883 

I 

Son. 

Daughter. 
Friend  S. 
"      Y. 

No  pneumococcus. 
li           « 

II  X 

2,885 

II 

Maid  J. 
"      A. 

"      M. 

IV 

No  pneumococcus. 

2,886 

II 

Sister  C. 
"     E. 

Niece. 
Brother-in-law. 

a                   it 
II  X 

No  pneumococcus. 
IV 

2,890 
2^91 

II 
I 

Wife. 
Sister. 
Niece  E. 
"     M. 
Brother-in-law. 

No  pneiunococcus. 
«            <( 

it           tt 

It           ti 

ti           ft 

2,892 

II 

Wife.        , 
Daughter  X. 
"       M. 

Son. 

it           it 

II  X 

III 

II  X 

2,896 

II        ^ 

Boarder. 
Mother. 
Sister. 
Brother. 

No  pneumococcus. 
IV 
IV 

II  X 

2,901 

I 

Wife. 
Friend  K. 

I 

nx 

80 

2,906 

I 

Husband. 

Sister. 

Son. 

No  pneumococcus. 

a               ti 
a                it 

2,908 

I 

Wife. 
Brother. 

it                ti 

IV 

Sister  L. 
"     A. 

No  pneumococcus. 
I 

37 

2,913 

I 

Mother. 
Brother. 

No  pneumococcus. 
IV 

2,917 

I 

Mother. 
Father. 
Brother  C. 

"        B. 
Sister  S. 

"    N. 

IV 

No  pneumococcus. 

Ill 
No  pneumococcus. 

IV 
No  pneumococcus. 
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TABLE   IV — Continued. 


Case  No. 

TjTie  of 
infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,922 
2,924 

II 
I 

Wife. 

Daughter  I. 
Wife. 
Daughter  K. 

"       L. 

"       A. 
Son. 

II 

No  pneumococcus. 
«            « 

I 
No  pneumococcus. 
IV 

70+ 

25 

2,925 

I 

Wife. 
Daughter  S. 

"       A. 

"       R. 

III 

No  pneumococcus. 
«            « 

III 

Son  J. 
"    M. 

I 
III 

25 

2,926 

II 

Friend  M. 
"      F. 
"      L. 

III 

No  pneumococcus. 
II 

7 

2,934 

II 

"      R. 

"      N. 
"      H. 
"      C. 
"      K. 

No  pneumococcus. 
IV 

II  X 

No  pneumococcus. 
«            « 

2,944 

I 

Mother. 
Father. 

I 
lib 

32 

Husband. 

I 

28 

Friend  M. 
"      McC. 

No  pneumococcus. 
IV 

Daughter  M. 
"       H. 

No  pneumococcus. 
I  and  III 

16 

2,945 

I 

Son. 
Sister. 
Mother. 
Father. 
Brother  I. 
"      M. 

No  pneumococcus. 
I  and  II  X 

I 

I 
No  pneumococcus. 

17 
7 
35+ 

"      C. 

Sister  E. 

III  and  IV 
I 

9 

"    Y. 

"    S. 

No  pneumococcus. 

2,946 

II 

Wife. 
Son. 

IV 
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TABLE  IV — Concluded. 


Type  of 

Case  No. 

infecting 
pneumo- 
coccus. 

Relationship  of  associates. 

Type  found  in  associates. 

Duration  of  carrying 
period. 

days 

2,952 

I 

Wife. 
Daughter. 

IV 
No  pneumococcus. 

2,954 

I 

Brother  E. 

"        J. 
Sister  R. 
Cousin. 

«            « 
«            It 

«            « 

2,955 

I 

Wife. 
Son. 

I 

II  X 

21 

Daughter. 

I 

5 

2,968 

I 

Sister-in-law. 
Brother. 
Nephew  J. 
"       0. 

No  pneumococcus. 
«            « 

lib 
IV 

2,971 

II 

Maid. 
Father. 

No  pneumococcus. 

2,976 

II 

Mother. 

«           « 

2,984 

I 

Brother. 

Nurse. 

IV 
IV 

2,991 

II 

Sister. 

IV 

2,996 

I 

Wife. 
Son. 

II  X 

No  pneumococcus. 

M.M. 

II 

Wife. 
Mother-in-law. 

Nurse. 

IV 
IV 

II  X 

Summary. 


Type. 

No.  of  pneu- 
monia 
households 
examined. 

Households  in  which  car- 
riers were  found. 

Total  con- 
tacts 
examined. 

Positive  contacts. 

I 

n 

28 
24 

10 

5 

per  cent 

36 
21 

107 

77 

16 

5 

per  cent 
15 

6 

Total 

52 

15 

28 

184 

21 

11 
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Types  of  Pneumococci  Obtained  from  Dust  of  Households  in  Which  No 
Case  of  Pneumonia  Had  Occurred. 

The  presence  of  pneumococcus  in  dust  has  been  a  known  fact  for 
some  time.  Netter'*  in  1897  was  the  first  to  recover  a  definite  pneu- 
mococcus from  dust.  Previous  workers,  notably  Emmerich,^  demon- 
strated the  presence  of  Friedlander's  bacillus  in  the  dust  of  a  room 
where  there  were  many  pneumonia  patients.  But  at  this  early  date 
the  pneumococcus  and  Friedlander's  bacillus  were  not  clearly  differ- 
entiated. The  occurrence  of  the  pneumococcus  in  dust  has  been 
lost  sight  of  and  very  Httle  significance  has  ever  been  attached  to  it. 
Its  presence  in  dust  has  not  been  correlated  with  the  occurrence  of 
cases  of  pneumonia  beyond  a  few  casual  references  to  the  finding  of 
pneumococcus  in  the  dust  of  wards  where  there  were  many  pneu- 
monia patients. 

In  order  to  determine  whether  pneumococcus  could  be  recovered 
with  any  regularity  from  dust  the  following  study  was  carried  out. 
The  specimens  of  dust  were  collected  as  follows:  A  piece  of  paper 
was  wrapped  about  a  scrubbing  brush  which  in  turn  was  covered 
by  a  piece  of  cloth  and  then  autoclaved.  The  dust  was  swept  up 
with  the  sterile  brush  on  to  the  paper  which  was  then  folded.  This 
dust  was  mixed  with  sterile  broth  and  1  or  1.5  cc.  of  the  mixture  were 
immediately  injected  into  the  peritoneal  cavity  of  a  white  mouse. 
Cultures  were  made  from  the  heart's  blood  of  the  mouse. 

In  Table  V  are  given  the  types  of  pneumococcus  recovered  from  the 
dust  of  62  rooms  in  which  pneumonia  had  not  occurred. 

From  these  62  specimens  of  dust,  in  18  instances,  or  29  per  cent 
pneumococcus  was  recovered.  In  all  but  one  instance  these  pneu- 
mococci belonged  to  those  types  which  are  normally  found  in  the 
mouth.  The  specimen  of  dust  from  which  the  Type  I  pneumococcus 
was  recovered  came  from  a  house  where  a  known  carrier  of  a  Type  I 
pneumococcus  was  visiting.  From  this  study  it  is  evident  that  pneu- 
mococcus can  be  easily  recovered  from  dust.  Furthermore,  it  ap- 
pears that  the  strictly  disease-producing  types  of  pneumococcus, 
Types  I  and  II,  are  not  prevalent  in  dust  when  patients  and  healthy 
carriers  of  these  types  of  pneumococcus  are  absent. 

^  Netter,  L.  D.,  Compt.  rend.  Soc.  biol.,  1897,  iv,  series  10,  538. 
^  Emmerich,  R.,  Z.  Hyg.  u.  Injectionskrankh.,  1894,  xvii,  167. 
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TABLE   V. 

Incidence  of  Pneumococcus  in  Dust  from  Rooms  in  Which  Pneumonia  Had  Not 

Occurred. 


Pneumococcus. 

Incidence. 

TVDC        I                         

1 

0 
0 

4 
3 
2 
8 

18 

44 

62 

per  cent 

5.5 

"     II    .         

0 

"      II  a         .             

0 

"      lib 

22 

"      II  X 

16.6 

"    III                     

11 

"     IV 

44.4 

Pneumococcus  present 

"             absent 

Types  of  Pneumococci  Obtained  from  Dust  of  Households  in  Which 
Pneumonia  of  Type  I  and  Type  II  Had  Occurred. 

Table  VI  shows  the  incidence  and  types  of  pneumococcus  found  in 
183  specimens  of  dust  from  households  where  cases  of  Type  I  or 
Type  II  pneumonia  had  occurred. 

TABLE    VI. 
Incidence  of  Pneumococcus  in  Dust  in  the  Presence  of  Pneumonia. 


Pneumococcus. 

Incidence. 

TvDC       I    

25 
23 
0 
2 
2 
2 
20 

74 
109 

183 

per  cent 

33.78 

"       II 

31.08 

"      II  a 

0 

"      lib 

2.70 

"      II  X 

2.70 

"    III 

2.70 

"    IV 

27.02 

Pneumococcus  present 

"               absent 
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From  183  specimens  of  dust  collected  where  cases  of  pneumonia 
due  to  pneumococcus  of  Type  I  or  Type  II  had  occurred,  74,  or  40 
per  cent,  showed  pneumococcus.  A  Type  I  pneumococcus  was 
found  in  25  instances.  In  only  one  instance  was  a  Type  I  pneumo- 
coccus recovered  where  a  Type  II  pneumonia  had  occurred.  This 
dust  was  collected  16  days  after  the  patient  had  left  his  home.  A 
Type  II  pneumococcus  was  recovered  in  23  instances.  In  only  one 
instance  was  a  Type  II  pneumococcus  found  in  the  dust  in  the  room 
where  there  had  been  a  case  of  pneumonia  due  to  Type  I. 

From  this  study  it  is  evident  that  the  highly  parasitic  pneumococci, 
Types  I  and  II,  are  very  prevalent  in  dust  where  cases  of  the  same 
type  of  pneumonia  have  occurred.  As  the  dust  from  only  a  com- 
paratively small  area  of  the  floor  was  swept  up,  the  organisms  must 
have  been  present  in  a  much  larger  proportion  than  these  figures 
indicate. 

In  Table  VII  is  presented  a  study  of  the  types  of  pneumococcus 
obtained  from  the  homes  where  a  case  of  Type  I  or  Type  II  pneu- 
monia had  occurred.  As  a  rule,  the  dust  was  collected  only  from  the 
patient's  bedroom,  but  in  some  homes  specimens  were  also  obtained 
from  the  living-room  and  other  bedrooms.  Of  30  homes  where  a 
case  of  Type  I  pneumonia  had  occurred,  in  13  instances,  or  43  per 
cent,  a  Type  I  pneumococcus  was  recovered  from  at  least  1  room. 
In  2  instances  a  Type  I  pneumococcus  was  recovered  from  2  rooms. 
In  all,  44  rooms  were  examined.  From  15  of  these  rooms,  or  34.08 
per  cent,  a  Type  I  pneumococcus  was  recovered.  No  Type  II 
pneumococcus  was  recovered  from  a  Type  I  home.  Of  22  homes 
where  a  case  of  Type  II  pneumonia  had  occurred,  in  13  instances,  or 
59  per  cent,  a  Type  II  pneumococcus  was  discovered  in  the  dust  of  at 
least  1  room.  In  3  homes  a  Type  II  pneumococcus  was  recovered 
from  2  rooms.  Of  the  27  rooms  which  were  examined,  in  16,  or  59 
per  cent,  pneumococci  of  Type  II  were  recovered.  In  only  one 
instance  was  a  Type  I  pneumococcus  recovered  from  the  dust  of  a 
Type  II  house.  This  occurred  16  days  after  the  patient  had  left 
the  house. 

A  comparison  of  Tables  IV  and  VII  shows  that  in  the  28  Type  I 
households  in  3  instances  the  dust  was  positive,  but  no  contact  was 
found;  in  2,  the  dust  was  negative,  but  a  positive  contact  was  present; 
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TABLE   VII. 
Incidence  of  Pneumococci  in  Dust  from  Homes  Where  a  Case  of  Pneumonia  Occurred. 


Case 

No. 

a 
o 

3 

So. 
H 

Room. 

Is 

So 

I-.  c 
4,   4, 

H 

a 
o 

0) 

Si  c 

Q 

Type  of  pneumococcus. 

Condition  of  rooms. 

days 

2,746 

Patient's 

bedroom. 

0 

6 

No  pneumococci. 

Dirty  and  dark. 

2,804 

(( 

3 

6 

«              « 

2,814 

a 

3 

2 

<<              « 

Clean,  but  dark. 

11 

11 

«                  u 

2,815 

« 

1 

4 

I 

Light,    moderately 

<< 

12 

I 

clean. 

2,816 

<< 

1 

6 

I 

Dark,  fairly  clean, 

<( 

10 

No  pneumococci. 

poorly  ventilated. 

2,821 

<( 
(< 

1 
10 

6 

I 
No  pneumococci. 

2,824 

« 

14 

3 

((              ti 

Very  dirty  and  dark. 

2,825 

II 

« 

1 

1 

III 

Small,  dark. 

i< 

13 

II 

(( 

49 

No  pneumococci. 

2,827 

II 

« 

3 

3 

II 

Clean,    light,     and 

« 

10 
19 

II 
No  pneumococci. 

small. 

2,834 

II 

<( 

5 

5 

IV 

Moderately    clean, 

« 

16 

I 

fairly  well  ven- 
tilated. 

2,852 

<( 

2 

4 

No  pneumococci. 

Large,    clean,    and 

<( 

23 

"              " 

light. 

2,853 

II 

(< 

8 

2 

<<              <( 

Very    clean,    light. 

« 

23 

((                       u 

well  ventilated. 

2,854 

II 

« 

4 
14 

3 

«                   (( 
«                   << 

2,858 

(( 

2 

2 

I 

Moderately     clean 

« 

14 

IV 

and  light. 

2,868 

II 

« 

2 

4 

No  pneumococci. 

Moderately  light, 
well  ventilated. 

2,869 

II 

<< 

3 
18 

2 

«              « 

Clean. 

2,874 

« 

3 
10 

3 

Clean. 

2,879 

II 

« 

2 

2 

((                   (< 

« 

15 

«                l< 
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TABLE  VII — Continued. 


be 

.5 

u  3 

■«   01 

>  2 

i° 

a 
o 

Case 

No. 

o 
"o  B 

D 
J,   U 

Room 

>-  c 

M'o'a 
H 

■■5.9 
Q 

Type  of  pneumococcus. 

Condition  of  rooms. 

days 

2,880 

I 

Patient's  bedroom. 

2 

3 

IV 

Moderately    clean. 

" 

13 

IV 

well  ventilated. 

2,881 

II 

K 

2 

6 

IV 

Dark,   poorly  ven 

2nd 

2 

IV 

tilated. 

2nd 

13 

IV 

2,883 

I 

Patient's 

5 

4 

No  pneumococci. 

Fairly     clean     but 

« 

15 

(<               (< 

small. 

2,885 

II 

t< 

3 

2 

II 

Clean. 

« 

13 

No  pneumococci. 

2,886 

II 

« 

3 

4 

II 

Fairly     clean     but 

« 

14 

No  pneumococci. 

dark. 

2,890 

II 

« 

2 

4 

II 

« 

15 

No  pneumococci. 

2,891 

I 

« 

1 

3 

<<              i< 

Clean. 

« 

23 

«              <( 

2,892 

II 

« 

1 

5 

II 

Moderately    clean. 

« 

23 

II 

fairly    well    ven- 

It 

29 

No  pneumococci. 

tilated. 

2,896 

II 

ii 

1 

4? 

II 

Fairly   clean,    well 

« 

24 

No  pneumococci. 

v^entilated. 

2,901 

I 

<( 

2 

5 

I 

Fairly    clean,    well 

« 

25 

I 

ventilated. 

« 

40 

I 

« 

50 

I 

« 

72 

No  pneumococci. 

« 

92 

U                             (< 

2,906 

I 

<( 

2 

2 

I 

Large,  clean. 

« 

21 

No  pneumococci. 

2,908 

I 

« 

3 
18 

5 

I 
No  pneumococci. 

Fairly  clean. 

2,913 

I 

2 
13 

5 

It              it 
It              It 

2,917 

I 

Living-room 

8 

6 

II  X 

Fairly  light. 

1st  sick  room. 

8 

No  pneumococci. 

Moderately  clean. 

1st     "      " 

22 

«             It 

2nd  "      " 

8 

it             It 
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TABLE  VII — Continued. 


bO 

a 

Is 

a 
o 

o  ja 

S5S 

So 

V) 

rt 

Case 

No. 

^  o 
o  1 

Room. 

b  a 

.a 'oft 
H 

Type  of  pneumococcus. 

Condition  of  rooms. 

rfay^ 

2,922 

II 

Living-room. 

3 

3 

II 

Fairly  clean,  moder- 

<< 

22 

No  pneumococci. 

ately  ventilated. 

« 

37 

a                  « 

(( 

70 

«                   u 

Patient's  bedroom. 
<(              << 

«              (I 
11              « 

3 
18 

37 
57 
70 

II 
II 
II 
II 

No  pneumococci. 

2,924 

I 

Living-room. 

3 

21 

3 

5 

(I              it 

Fairly     light     and 
ventilated. 

2,925 

I 

Patient's  bedroom. 

1 

5 

i<              « 

Small,  dark,  moder- 

«             « 

16 

I 

ately  clean. 

«              « 

29 

I 

«              « 

45 

No  pneumococci. 

Living-room. 

2 

a                   (( 

« 

29 

«                   <( 

« 

45 

«                   (( 

2,926 

II 

Patient's  bedroom. 

6 

6 

20 

4 

((              « 

II 

it              (I 

39 

II 

«              << 

55 

No  pneumococci. 

2,934 

II 

5 
14 

4 

iC                          ii 

tl                  « 

Clean. 

2,944 

I 

1st 

3 

5 

IV 

House     thoroughly 

1st 

16 

No  pneumococci. 

cleaned       before 

1st 

53 

II  X 

second  dust  spec- 

2nd 

3 

I 

imens  were  col- 

2nd 

16 

No  pneumococci. 

lected. 

Mother's  room. 

3 

I 

«           « 

16 

No  pneumococci. 

«              u 

53 

II  X 

Living-room. 

16 

No  pneumococci. 

2,945 

I 

« 

3 

5 

I 

Dirty,    dark,     but 

« 
« 

17 
35 

IV 

IV 

fairly  ventilated. 
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TABLE 

VII— 

-Conlinued. 

C 

c«  w 

a 

>  o 

o 

u  3 

OJ3 

■a  y 

go 

5i 

ci 

Case 

.S  o 

^  *-* 

No. 

3 

Room. 

^1 

Type  of  pneumococcus 

Condition  of  rooms. 

days 

2,945 

I 

Patient's  bedroom. 
'<              i< 

3 
17 
35 

IV 
IV 
IV 

2,946 

II 

1 
17 

3 

No  pneumococci. 

2,949 
2,952 

I 
I 

"               it 

24 

3 

21 

8 
2 

Fairly  clean. 

"               i< 

«              u 

Light,  clean,  well 
ventilated. 

Living-room. 

<< 

3 
21 

2,954 

I 

Patient's  bedroom. 

5 
19 

5 
19 

4 

"              it 

2,955 

I 

Living-room. 

<< 

4 
13 
38 

4 
13 
38 
52 

6 

I 

IV 

No  pneumococci. 

I 

No  pneumococci. 

it             ft 

Moderately  clean. 

2,968 

I 

« 

<< 

Patient's  bedroom. 

3 
19 

3 
19 

5 

IV 

No  pneumococci. 

Fairly  clean,  fairly 
well  ventilated. 

2,971 

II 

"              « 

2 

4 

II 

Well  ventilated  and 

26 

No  pneumococci. 

clean. 

Living-room. 

2 

II 

2,976 

II 

« 
Patient's  bedroom. 

26 
3 

14 

41 
3 

14 

3 

No  pneumococci. 
"              it 

if              it 

ft              if 

a                  a 
II 

2,984 

I 

41 

7 

5 

No  pneumococci. 
if             ft 

Dark,    dirty    base- 

2,991 

II 

«               « 

4 

1 

II 

ment. 
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TABLE    VII 

Concluded. 

Case 
No. 

00 

.S   . 

o 
oS 

3' 

Room. 

"S    CO 

§^ 

So 
t.  ^ 

Its 

.i'o'S. 
H 

a 
o 

<*   . 

o 

Type  of  pneumococcus. 

Condition  of  room. 

days 

2,991 

II 

Patient's  bedroom. 
Living-room. 

26 

4 

26 

No  pneumococci. 

II 
No  pneumococci. 

2,996 

I 

it 
Patient's  bedroom. 

Another         " 
i(              (t 

1 
15 

1 
15 

1 
15 

3 

lib 
No  pneumococci. 

(I              it 

I 
I 

M.M. 

II 

Patient's  present 

room. 
Patient's  present 

room. 

0 
0 

? 

II 

No  pneumococci. 

F.I. 

I 

Patient's  bedroom. 

1 

? 

I 

Summary. 

Type. 

No.  of 
pneumonia 
households 
examined. 

Households  giving  rise  to 
positive  dust. 

Total  No. 
of  rooms 
examined. 

Positive  rooms. 

I 

30 
22 

13 
13 

per  cent 

43 
59 

44 
27 

15 

16 

per  cent 
34  08 

II 

59  25 

Total 

52 

26 

50 

71 

31 

43.66 

in  8,  the  dust  and  at  least  one  individual  showed  a  Type  I  pneumo- 
coccus; while  in  15,  a  T^-pe  I  pneumococcus  was  recovered  neither 
from  the  dust  nor  from  a  member  of  the  household.  In  the  22  Type 
II  households,  in  10  instances  the  dust  alone  was  positive;  in  1,  an 
individual  alone  was  positive;  in  3,  a  Type  II  pneumococcus  was 
recovered  from  both  the  dust  and  from  a  member  of  the  household; 
and  in  8,  neither  the  dust  nor  an  individual  showed  a  Type  II  pneu- 
mococcus.    In  these  50  households  in  13  instances  the  dust  alone 
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was  positive,  while  in  only  3  was  the  dust  negative  in  the  presence 
of  a  positive  contact. 

Individuals  or  specimens  of  dust  were  studied  from  54  households 
where  a  case  of  pneumonia  due  to  a  pneumococcus  of  Type  I  or  Type 
II  had  occurred.  Of  the  30  Type  I  households,  14,  or  46  per  cent, 
showed  either  a  positive  human  contact  or  a  positive  dust.  From 
24  Type  II  households  15,  or  62  per  cent,  showed  either  a  positive 
human  contact  or  a  positive  dust.  In  other  words,  at  the  time  of  their 
admission  to  the  hospital,  the  homes  of  over  53  per  cent  of  the  pa- 
tients suffering  from  a  pneumonia  due  to  Type  I  or  Type  II  were 
infected  by  a  pneumococcus  of  the  same  type. 

As  a  rule,  the  dust  became  negative  before  the  contacts.  But  in 
two  instances  positive  dusts  were  obtained  after  the  carriers  in  the 
households  had  become  negative.  It  is  interesting  that  in  the  two 
homes  which  showed  a  positive  dust  for  the  longest  time  lived  the 
two  most  persistent  carriers.  In  Case  2,901,  Type  I,  the  dust  was 
positive  for  50  days,  while  the  carrier  had  not  become  negative  at 
the  end  of  80  days.  In  Case  2,922,  Type  II,  the  carrier  was  still 
positive  at  the  end  of  70  days  and  the  dust  was  positive  on  the  57th 
day. 

Two  Pneumonia  Epidemics. 

Through  the  courtesy  of  the  State  Department  of  Health  and  the 
local  health  officer  of  Rochester,  N.  Y.,  I  have  had  an  opportunity  of 
studying  two  epidemics  of  pneumonia  in  institutions. 

One  epidemic  occurred  in  a  boys'  asylum.  At  the  time  of  the 
epidemic  there  were  over  200  boys  in  this  institution,  but  the  6  cases 
of  pneumonia  were  limited  to  the  boys  occupying  two  of  the  four 
dormitories.  3  boys  in  each  dormitory  developed  pneumonia; 
from  the  sputum  of  3  of  the  6  boys  a  Type  I  pneumococcus  was  re- 
covered, from  another  a  Type  II  x,  and  from  a  5th  a  Type  IV;  from 
1,  no  pneumococcus  was  obtained.  The  absence  of  Type  I  pneu- 
mococcus from  3  cases  may  be  due  to  the  fact  that  this  study  was  not 
made  until  the  patients  were  convalescent.  The  sputum  of  the 
other  56  boys  who  slept  in  the  two  dormitories  was  studied.  From 
the  saliva  of  6,  or  10  per  cent,  a  Type  I  pneumococcus  was  isolated. 

Three  specimens  of  dust  were  taken  at  random  from  each  of  the 
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two  dormitories.  As  these  rooms  were  very  clean  this  dust  had  to  be 
swept  out  from  between  the  chinks  of  the  floor  boards.  One  speci- 
men of  dust  from  each  dormitory  showed  a  Type  I  pneumococcus. 
Of  the  other  four  specimens  two  showed  a  Type  IV,  and  from  two  no 
pneumococcus  was  obtained.  Six  specimens  of  dust  from  the  vacant 
room  used  as  a  ward  failed  to  show  a  Type  I  pneumococcus,  but  a 
pneumococcus  of  Type  II  and  a  pneumococcus  of  Type  II  b  were 
recovered. 

In  this  epidemic  50  per  cent  of  the  cases  of  pneumonia  were  found 
to  be  due  to  Type  I  pneumococcus;  from  10  per  cent  of  the  healthy 
contacts  and  from  the  dust  a  Type  I  pneumococcus  was  recovered. 

The  other  epidemic  occurred  in  the  Rochester  State  Hospital  for 
the  Insane.  Here  six  cases  of  pneumonia  occurred  among  the  in- 
mates of  one  ward  of  over  200  persons.  A  Type  I  pneumococcus 
was  recovered  from  four  of  the  patients,  but  the  other  two  patients 
died  before  the  type  of  infecting  pneumococcus  was  determined. 
Each  of  the  patients  who  died  had  shared  a  double  room  with  one 
of  the  patients  who  showed  a  Type  I  pneumococcus.  A  Type  I 
pneumococcus  was  also  recovered  from  the  dust  of  one  of  these  two 
bedrooms.  The  saHva  of  148  inmates  of  this  ward  was  studied. 
In  five  instances  a  Type  I,  and  in  one  a  Type  II  pneumococcus  were 
isolated.  In  all,  nine  specimens  of  dust  were  examined.  In  one 
instance  a  Type  I,  in  one,  a  Type  III,  and  in  three,  a  Type  IV  pneu- 
mococcus was  found. 

In  this  epidemic  six  cases  of  pneumonia  occurred  in  the  ward  of  an 
institution.  A  Type  I  pneumococcus  was  recovered  from  four  of  the 
six  patients,  from  2  per  cent  of  the  healthy  contacts,  and  from  the 
dust. 

Related  Cases  of  Pneumonia. 

Several  instances  which  seem  to  be  contact  infections  or  infections 
from  the  same  source  have  been  studied.  In  the  first  instance  a 
mother  daily  visited  her  son  who  was  critically  ill  with  a  Type  I 
pneumorua.  The  mother  contracted  a  bad  cold  and  developed  pneu- 
monia due  to  a  Type  I  pneumococcus  1 1  days  after  her  son  was  taken 
ill.  Another  case  was  that  of  an  actor  who  was  admitted  to  the 
hospital  with  a  Type  II  pneumonia.     The  next  day  an  actor  who 
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shared  the  same  dressing-room  developed  a  T>^e  II  pneumonia. 
Before  the  end  of  the  week  an  electrician  at  the  same  theater  became 
ill  with  pneumonia.  He  also  showed  a  Type  II  pneumococcus.  In 
a  third  instance  Miss  H.  (type  of  pneumonia  not  determined)  was 
taken  to  a  private  hospital  by  Mrs.  A.  who  developed  a  Type  II  pneu- 
monia in  a  few  days.  Mr.  B.  helped  to  nurse  Mrs.  A.  and  shortly  fell 
sick  with  a  Type  II  pneumonia.  In  another  instance  a  patient  who 
had  just  recovered  from  a  Type  I  pneumonia  left  the  hospital  March  9. 
The  next  day  he  went  to  see  his  brother  who  had  developed  a  Type 
II  pneumonia.  On  March  12  this  patient,  who  had  just  recovered 
from  a  Tj^De  I  infection,  developed  a  pneumonia  due  to  a  Type  II 
pneumococcus.  The  following  case  suggests  the  possibility  of  an 
infection  by  a  healthy  carrier.  A  patient  was  admitted  to  the 
hospital  suffering  from  pneumonia  due  to  Pneumococcus  Type  I. 
Specimens  of  sputum  were  obtained  from  the  other  members  of  the 
household.  One  5  year  old  daughter  was  found  to  be  a  T>pe  I 
pneumococcus  carrier;  the  other  two  members  of  the  household 
were  negative.  The  dust  from  the  room  the  patient  had  previously 
occupied  in  this  house  also  showed  a  Type  I  pneumococcus.  The 
little  girl  was  sent  to  board  with  friends  while  her  mother  was  in  the 
hospital.  She  spent  3  days  with  the  first  family  and  then  went  to 
\dsit  in  the  Bronx.  6  days  after  she  left,  a  child  in  the  home  where 
she  had  \dsited  came  down  with  pneumonia  due  to  Pneumococcus 
Type  I.  Specimens  of  sputum  from  the  other  members  of  this 
household  were  negative,  but  from  the  dust  in  the  sick  child's  room 
a  pneumococcus  of  Type  I  was  isolated.  The  daughter  of  the  original 
patient  visited  in  the  Bronx  for  10  days.  No  cases  of  pneumonia 
developed  in  this  home  and  the  sputum  of  the  members  of  this  family 
as  well  as  the  dust  failed  to  show  the  presence  of  Pneumococcus 
T>^e  I.  The  child  next  went  to  \dsit  friends  in  Brooklyn.  Although 
the  sputum  from  the  members  of  this  household  were  negative,  from 
the  dust  a  T^-pe  I  pneumococcus  was  recovered. 

DISCUSSION. 

The  results  of  the  work  detailed  in  this  paper  confirm  the  previous 
observations  of  Dochez  and  Avery  on  the  occurrence  of  healthy  car- 
riers of  disease-producing   types   of  pneumococcus.     Consideration 
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of  the  results  of  study  over  a  period  of  years  of  the  types  of  pneu- 
mococcus  inducing  lobar  pneumonia  shows  that  in  the  majority 
of  instances  infection  is  due  to  organisms  belonging  to  Type  I  or 
T}^e  II.  The  minority  of  cases,  on  the  other  hand,  are  due  to  in- 
fection with  pneumococcus  of  Types  III  and  IV. 

Comparison  of  the  types  of  pneumococcus  obtained  from  the  mouth 
secretions  of  normal  persons  with  those  isolated  from  individuals  with 
lobar  pneumonia  shows  the  existence  of  two  general  classes  of  organ- 
isms. One  of  these,  which  consists  of  Types  I  and  II,  occurs  only 
in  association  with  disease.  The  other,  which  includes  Types  III 
and  IV  and  the  at}^ical  Type  II  organisms,  also  causes  pneumonia 
but  these  organisms  are  commonly  found  in  normal  healthy  mouths. 
Rarely  Types  I  and  II  have  been  found  in  the  mouth  secretions  of 
normal  individuals  who  give  no  history  of  association  with  cases  of 
pneumonia.  On  the  other  hand,  organisms  of  Types  I  and  II  have 
been  found  in  11  per  cent  of  normal  individuals  who  have  been  in 
intimate  association  with  a  case  of  pneumonia  of  the  same  type. 

Although  the  presence  of  pneumococcus  in  dust  has  been  known 
for  some  time,  little  significance  has  been  attached  to  it.  The  results 
of  this  work  show  that  pneumococcus  can  be  easily  recovered  from 
dust.  The  types  of  pneumococcus  found  reflect  accurately  the  pneu- 
mococcal flora  of  the  mouth  of  the  members  of  these  households. 
Pneumococcus  of  Types  I  and  II  is  rarely  found  in  dust  except  where 
a  case  of  pneumonia  due  to  the  same  type  of  pneumococcus  has  oc- 
curred. In  view  of  the  ease  with  which  dust  can  be  disseminated  it 
is  not  surprising  that  in  a  few  instances  a  Type  I  or  Type  II  organism 
was  recovered  from  the  dust  which  did  not  correspond  to  the  type  of 
pneumococcus  producing  the  disease. 

The  occurrence  of  these  disease-producing  types  of  pneumococcus 
in  the  dust  suggests  the  possibility  that  air-borne  infection  may  play 
a  part  in  the  production  of  pneumonia.  On  the  other  hand,  the  mere 
presence  of  the  disease-producing  types  of  pneumococci  in  the  mouth 
will  not  initiate  disease.  But  if  a  susceptible  individual  comes  in 
intimate  contact  with  a  case  of  pneumonia  there  is  grave  danger  of  his 
contracting  the  disease. 

These  facts  suggest  the  following  conclusions  concerning  the  epi- 
demiology of  lobar  pneumonia.     Infection  with  pneumococcus   of 
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Types  I  and  II  must  be  regarded  as  dependent  upon  either  direct  or 
indirect  contact  with  a  previous  case  of  lobar  pneumonia  due  to  the 
same  type  of  organism.  These  types  of  infection  are  either  acquired 
by  direct  contact  with  a  previous  case  of  pneumonia,  by  association 
with  a  healthy  carrier  of  one  of  these  types  of  pneumococcus,  or  pos- 
sibly by  an  air-borne  infection  from  dust  which  has  been  infected. 
Infection  with  the  sputum  t^-pes  of  pneumococcus,  namely  Types  III 
and  IV  and  the  atypical  strains  of  Type  II,  may  be  autogenic,  or  due 
to  the  acquisition  by  the  individual  of  one  of  these  types  to  which  he 
is  especially  susceptible. 

SUMMARY. 

1.  Pneumococci  of  Type  I  and  Type  II  are  responsible  for  the 
majority  of  the  cases  of  lobar  pneumonia. 

2.  Among  the  pneumococci  found  in  the  mouths  of  healthy  in- 
di\iduals  Type  IV  predominates,  Type  III  is  frequent,  and  atypical 
organisms  of  Type  II  are  occasionally  found. 

3.  Healthy  persons  intimately  associated  with  cases  of  lobar  pneu- 
monia may  harbor  in  their  mouth  secretions  the  highly  parasitic 
pneumococcus  of  Types  I  and  II. 

4.  Occasionally  a  carrier  of  Type  I  or  Type  II  pneumococcus  is 
encountered  in  whom  it  is  impossible  to  trace  any  contact  with  an 
infected  patient. 

5.  From  the  dust  of  homes  where  cases  of  pneumonia  due  to  Types 
I  and  II  have  occurred,  pneumococci  of  the  same  type  may  be 
recovered. 
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Ever  since  the  demonstration  in  1891  by  Foa  and  Carbone,i  Emme- 
rich and  Fowitzky,2  and  G.  and  F.  Klemperer^  of  the  immunizing 
properties  of  the  serum  of  animals  rendered  immune  to  pneumococcus, 
this  serum,  modified  in  various  ways,  has  been  employed  to  a  greater 
or  less  extent  in  the  treatment  of  pneumonia  in  man. 

Besides  the  employment  of  sera  prepared  in  various  ways  in  small 
series  of  cases,  there  has  been  an  extensive  employment  of  the  sera 
prepared  according  to  the  directions  of  Pane,^  Washbourn,*  and  more 
lately  Romer^  and  Neufeld  and  Handel.^- ^  In  this  country  at  least 
six  commercial  houses  which  sell  biologic  products  have  for  some 
years  been  producing  immune  serum  for  the  treatment  of  pneumonia 
and  pneumococcus  infections.  It  is  impossible  to  know  how  exten- 
sively these  sera  have  been  employed,  certainly  to  a  sufficient  extent 
to  render  their  production  profitable. 

In  spite  of  all  that  has  been  written  concerning  the  theoretical 
principles  involved  in  the  preparation  of  antipneumococcic  serum, 
and  in  spite  of  all  the  reports  of  its  therapeutic  application  which 
have  appeared,  it  is  very  difficult  to  learn  from  the  literature  on  the 
subject  exactly  how  these  sera  have  been  prepared  or  standardized. 

^  Foa,  P.,  and  Carbone,  T.,  Gazz.  med.  Torino,  1891,  xlii,  1. 

^  Emmerich,  R.,  and  Fowitzky,  A.,  Munch,  med.  Woch.,  1891,  xxxviii,  554. 

^  Klemperer,  G.,  and  Klemperer,  F.,  Berl.  klin.  Woch.,  1891,  xxviii,  833,  869. 

4  Pane,  N.,  Centr.  Bakteriol.,  Ite  Abt.,  1897,  xxi,  664. 

5  Washbourn,  J.  W.,  Brit.  Med.  J.,  1897,  i,  510. 

•^Romer,  P.,  Arch.  Ophth.,  1902,  liv,  99;  Experimentelle  und  klinische  Grund- 
lagen  fiir  die  Serumtherapie  der  Pneumokokkeninfektion  der  menschlichen  Cornea 
(Ulcus  serpens),  Wiesbaden,  1909. 

^Neufeld,  F.,  and  Handel,  Z.  Immnnitdtsforsch.,  Orig.,  1909,  iii,  159. 

8  Neufeld  and  Handel,  Arb.  k.  Gsndhtsamte.,  1910,  xxxiv,  166,  1293. 
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Without  this  knowledge  we  can  have  no  accurate  starting-point  from 
which  to  proceed  toward  improvements  in  methods  of  production. 

In  view  of  these  facts  and  also  since  an  antipneumococcic  serum  is 
now  being  prepared  by  The  Rockefeller  Institute  for  Medical  Research 
and  used  in  the  Hospital  of  this  institution,  and  since  serum  made  in 
a  similar  manner  is  now  being  prepared  by  a  number  of  commercial 
houses  and  by  several  public  health  laboratories  for  wider  dis- 
tribution, it  has  seemed  important  that  an  accurate  description  of  the 
methods  employed  by  us  in  its  production  be  published,  together 
with  a  brief  discussion  of  the  theoretical  basis  for  the  methods 
employed. 

Theoretical  Considerations  Concerning  the  Production  of 
Antipneumococcic  Serum. 

In  spite  of  a  general  belief  to  the  contrary,  all  kinds  of  animals, 
even  the  most  susceptible,  may  be  rendered  actively  immune  to 
pnevunococcus  infection,  by  the  previous  injection  of  non-lethal 
doses  of  living  pneumococci  or  even  by  the  injection  of  the  dead 
bodies.  Indeed,  the  substances  of  the  bacteria  which  give  rise  to  the 
immune  reaction  are  very  resistant  to  various  chemical  and  physical 
agents,  and  a  review  of  the  literature  shows  that  it  is  possible  to 
produce  active  immunity  with  a  great  variety  of  antigens  prepared 
from  the  bacteria.  The  degree  of  immunity,  however,  differs,  de- 
pending upon  the  procedures  employed. 

The  serum  of  the  actively  immunized  animals,  in  many  cases, 
possesses  protective  and  curative  power,  the  degree  of  this  power 
depending  somewhat  on  the  height  of  the  active  immunity,  but  not 
invariably  or  regularly  so.  It  may  be  stated,  however,  that  animals 
whose  serum  is  protective  and  curative  are  always  actively  immune. 
On  the  other  hand,  an  animal  may  itself  be  fairly  highly  immune 
without  the  serum  containing  any  immune  bodies  that  we  can  demon- 
strate, and  without  its  having  any  demonstrable  protective  action. 
For  instance,  we  have  immunized  rabbits  so  that  they  have  success- 
fully withstood  0.1  cc.  of  a  living  culture,  of  which  0.000001  cc.  killed 
the  control,  without  the  blood  showing  a  trace  of  immune  bodies  or 
any  protective  power.  Quite  frequently  animals  whose  serum  shows 
only  moderate  grades  of  immunizing  value  may  be  actively  resistant 
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to  enormous  doses.  The  fact  that  active  immunity  and  serum- 
immunizing  power  do  not  run  exactly  parallel  does  not  necessarily 
indicate  that  active  immunity  in  pneumococcus  infection  differs 
fundamentally  from  passive  immunity,  but  suggests  this  possibility. 
At  any  rate,  it  suggests  that  in  the  reaction  of  resistance  to,  or  recovery 
from,  infection  there  may  be  other  factors  concerned  than  the  humoral 
ones.  Nevertheless,  with  present  knowledge  of  serum  therapy  our 
effort  must  be  confined  to  the  production  of  a  serum  having  a  high 
content  in  demonstrable  antibodies  and  a  high  protective  value.  The 
chief  kinds  of  antibodies  which  can  be  demonstrated  in  this  immune 
serum  are  agglutinins  and  opsonins  or  bacteriotropins,  and  the  kind 
of  protective  power  meant  is  that  which  is  exhibited  when  a  very 
small  amount  of  the  serum  is  injected  into  a  susceptible  animal 
such  as  the  mouse,  simultaneously  with,  or  within  a  few  hours  fol- 
lowing, the  injection  of  a  large  dose  of  virulent  culture,  which  alone 
would  cause  rapid  death  of  the  animal.  These  are  the  properties 
of  the  serum  which  are  at  present  tested  to  indicate  its  therapeutic 
strength. 

It  would  lead  us  far  from  our  present  purpose,  were  we  to  discuss 
here  at  length  the  mode  of  action  of  the  serum,  for  the  discussion 
would  necessarily  involve  a  consideration  of  the  mechanism  of  re- 
sistance and  recovery.  It  is  not  believed  that  the  action  of  the 
immune  serum  is  entirely  dependent  either  on  its  power  of  causing 
agglutination  (BulP)  or  on  its  bacteriotropic  power  (Neufeld  and 
Rimpau^*'  and  Neufeld  and  HandeP-^),  though  these  properties  may 
play  important  parts.  They,  however,  are  susceptible  of  quantita- 
tive estimation.  The  protection  of  small  animals  undoubtedly 
reproduces  more  accurately  the  part  which  the  serum  plays  in  re- 
covery from  natural  infection,  as  seen  in  the  human  patient,  but 
even  here  the  conditions  are  not  identical. 

At  the  present  time,  however,  the  effectiveness  of  the  serum  seems 
to  be  parallel  to  its  content  in  the  antibodies  we  have  mentioned,  and 
especially  to  its  protective  power  tested  as  we  have  described.  We 
believe  the  production  of  antipneumococcic  serum  that  may  be 
accurately  standardized  is  of  fundamental  importance.  Whether  all 
theoretical  qualifications  are  fulfilled  is  not  so  essential. 

9  Bull,  C.  G.,  /.  Exp.  Med.,  1916,  xxiv,  7. 

^^  Neufeld,  F.,  and  Rimpau,  W.,  Z.  Hyg.  u.  Injectionskrankh.,  1905,  li,  283. 
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Specificity. 

The  primary  requisite  for  the  serum  is  that  it  is  specific.  Every- 
thing stated  above  concerning  both  active  and  passive  immunity 
is  true  only  if  the  bacterium  acted  upon,  either  in  antibody  tests 
in  vitro,  or  in  protection  tests  in  vivo,  is  identical  with  the  organism 
used  in  producing  the  serum.  This  does  not  merely  mean  that  the 
bacteria  shall  belong  to  the  same  species,  for  it  is  now  generally 
known  that  different  races  of  the  same  species  of  bacteria  may  show 
differences  in  their  antigenic  properties,  even  without  differences  in 
their  cultural  characteristics.  These  differences  have  heretofore, 
however,  been  considered  differences  merely  in  degree  and  mainly 
in  lesser  degree.  To  overcome  the  difficulties  which  this  fact  puts 
in  the  way  of  the  production  of  immune  serum  for  practical  purposes, 
recourse  has  been  had  to  the  method  of  immunizing  an  animal  with 
many  different  strains,  producing  a  polyvalent  serum.  This  method, 
for  instance,  has  been  made  use  of  to  a  considerable  extent  in  the 
production  of  antimeningococcic  serum.  Although  certain  races  of 
meningococci  differ  from  each  other  quite  markedly  in  their  immuno- 
logical properties,  yet  they  all  have  common  characteristics  which 
render  a  sharp  differentiation  difficult,  if  not  impossible.  The  con- 
ditions as  regards  meningococci  at  present  seem  to  be  somewhat  as 
follows.  If  we  employ  the  Ehrlich  nomenclature,  each  strain  of 
meningococcus  is  endowed  with  a  large  number  of  kinds  of  receptors 
which  we  may  designate  by  the  letters  of  the  alphabet.  In  one  large 
group  of  strains  of  meningococcus  a  receptors  predominate;  in  another 
group  h  receptors  predominate,  etc.  In  smaller  groups  other  receptors, 
such  as  k,  I,  m,  or  n  receptors,  are  most  numerous.  However,  even 
in  the  first  two  groups,  the  a  and  b  receptors  are  not  exclusively  pres- 
ent or  even  overwhelmingly  predominating.  Indeed  each  of  the 
different  races  possesses  practically  all  the  different  kinds  of  receptors 
but  in  greatly  varying  degrees. 

Under  these  conditions,  in  order  to  produce  a  serum  which  will  be 
active  against  all  the  different  races  it  is  necessary  to  choose  and  employ 
for  immunization  a  large  number  of  races  in  order  that  the  entire 
receptor  "spectrum"  shall  be  covered  as  uniformly  as  possible.  It 
seems  that  it  is  possible  to  do  this  fairly  well  as  far  as  meningococcus 
is  concerned. 
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The  conditions  as  concerns  pneumococcus  are  similar,  though  not 
identical.  From  agglutination  experiments  Kindborg^^  decided  that 
all  strains  of  pneumococci  were  immunologically  distinct.  Neufeld 
first  brought  evidence  of  group  relationships  and  this  fact  has  been 
elaborated  and  extended  by  the  work  in  The  Rockefeller  Institute 
Hospital  and  elsewhere.  Dochez  and  Gillespie^-  have  demonstrated 
that  the  pneumococci  obtained  from  cases  of  pneumonia  occurring  in 
this  country  belong  in  four  large  groups.  The  immunological  charac- 
teristics of  the  organisms  of  three  of  these  groups  are  very  specific. 
The  conditions  therefore  among  pneumococcus  are  different  from 
those  obtaining  among  meningococcus.  It  is  difficult  to  demon- 
strate by  immunological  methods  that  pneumococcus  of  Type  I 
has  any  immunological  characteristics  (or  receptors  in  the  Ehrlich 
nomenclature)  which  are  common  to  all  pneumococci.  Complement 
fixation  tests,  however,  seem  to  show  that  the  pneumococci  of  the 
different  types  do  possess  some  common  characters,  at  least  these 
tests  are  not  absolutely  specific  as  regards  the  different  types  (Hanes^^) 
and  the  antihemolytic  reactions  of  specific  sera  against  the  hemolytic 
toxins  derived  from  different  types  of  pneumococci  (Cole^'*)  are  not 
absolutely  specific.  So  too  the  extremely  active  agglutinating  immune 
sera  produced  by  the  injection  of  pneumococci  of  specific  types  may 
have  sKght  degrees  of  effectiveness  against  certain  strains  of  other 
types  (Blake^^).  But  in  general  the  different  types  of  pneumococci 
have  a  high  degree  of  specificity  as  shown  by  protective  action  and  by 
agglutination.  Active  immunity  to  the  different  types  also  seems 
very  specific.  This  type  specificity,  which  was  only  lately  recognized, 
is  of  fundamental  and  primary  importance  in  considering  the  practical 
application  of  immunity  to  therapy  in  this  disease.  Since  nothing  was 
known  of  this  group  specificity  before  the  observations  of  Neufeld  were 
made,  it  is  very  difiEicult  to  draw  any  conclusions  from  the  observa- 
tions or  from  the  results  of  their  practical  application  which  were 
made  in  this  field  before  that  time.     Where  identical  strains  were 

^^  Kindborg,  A.,  Z.  Hyg.  u.  Injectionskrankh.,  1905,  li,  197. 

^^  Dochez,  A.  R.,  and  Gillespie,  L.  J.,  /.  Am.  Med.  Assn.,  1913,  Ixi,  727. 

13  Hanes,  F.  M.,  /.  Exp.  Med.,  1914,  xix,  38. 

14  Cole,  R.,  /.  Exp.  Med.,  1914,  xx,  346. 

1^  Blake,  F.  G.,  /.  Exp.  Med.,  1917,  xxvi,  67. 
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used  throughout  experiments,  the  conclusions  of  course  were  valid, 
but  in  the  absence  of  knowledge  of  the  importance  of  using  only  these 
strains,  it  is  probable  that  in  many  cases  this  procedure  was  not 
strictly  adhered  to. 

The  work  done  in  the  Hospital  of  The  Rockefeller  Institute,  both 
experimentally  and  cHnically,  indicates  that  immune  serum  against 
Type  I  infection  is  more  effective  than  that  against  any  other  of  the 
specific  types.  Indeed  the  results  obtained  both  here  and  elsewhere 
indicate  that  this  serum  has  great  therapeutic  value  when  it  is  em- 
ployed in  the  treatment  of  cases  due  to  the  same  type  of  pneumococcus. 
On  the  other  hand,  the  observations  which  have  so  far  been  made 
with  sera  of  the  other  types  do  not  show  that  these  produce  distinct 
therapeutic  effects.  It  is  possible,  of  course,  that  improvements  in 
the  method  of  production  or  mode  of  application  of  these  other 
types  of  serum  may  lead  to  more  satisfactory  results.  For  the 
present,  however,  we  beheve  that  the  general  practical  application 
of  this  form  of  therapy  should  be  confined  to  Type  I  cases,  and  this 
may  readily  be  done  since  the  type  of  infection  in  the  individual 
case  may  easily  be  determined  by  the  methods  described  elsewhere 
(Blake^*).  We  also  think  it  important  at  present  that  the  commercial 
production  of  antipneumococcic  senun  for  therapeutic  purposes  be 
confined  to  that  effective  against  Type  I  infection.  This  paper  aims 
to  present  the  best  method  for  manufacturing  this  serum  and  is  based 
on  the  experience  we  have  gained  through  the  immunization  of  a  very 
large  number  of  rabbits,  several  goats,  and  four  horses  to  Type  I 
pneumococcus,  four  horses  to  Type  II  pneumococcus,  one  to  Type 
III  pneumococcus,  and  one  to  both  Type  I  and  Type  II  pneumo- 
cocci,  or  ten  horses  in  all. 

Animals  to  Be  Employed  for  Immunization  Purposes. 

For  practical  reasons  small  animals  cannot  be  used  to  supply  serum 
for  therapeutic  purposes,  especially  if  the  large  amounts  of  serum 
which  are  now  considered  necessary  are  to  be  used. 

In  the  earlier  therapeutic  tests,  such  as  those  of  G.  and  F.  Klemperer  and  Foa 
and  Carbone,  rabbits  were  used  for  obtaining  the  small  amounts  of  serum  used. 
Later  Washbourn  used  ponies  for  immunizing  purposes.  Pane  used  a  cow  and 
an  ass.    Neufeld  used  horses  in  the  preparation  of  his  serum. 
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Romer^  has  laid  stress  on  the  importance  of  combining  the  sera  prepared  by 
immunizing  a  number  of  different  animals.  His  reason  for  this  is  a  purely  the- 
oretical one;  namely,  that  all  the  different  antigenic  elements  contained  in  a 
complex  structure  such  as  the  pneumococcus  may  not  find  suitable  receptors  in 
any  one  animal.  With  present  knowledge  it  seems  that  we  may  disregard  this 
consideration. 

We  believe  that  for  practical  reasons  it  is  best  to  use  horses.  Our 
experience  is  not  sufficient  to  enable  us  to  have  a  definite  opinion  as 
to  the  kind  of  horses  best  to  choose  for  this  purpose;  apparently,  how- 
ever, draft  horses  are  superior  to  the  lighter  grades  and  to  the  more 
finely  bred  animals.  Joint  injuries,  indeed  injuries  of  all  kinds,  un- 
doubtedly contribute  to  the  localization  of  pneumococcus  and  con- 
sequent focal  infection.  The  highly  strung,  nervous  horses  are  more 
liable  to  these  injuries  and  infections.  These  accidents  delay  immuni- 
zation. As  regards  antibody  response,  there  has  been  marked  in- 
dividual variation,  but  the  difference  has  not  been  associated  with 
any  obvious  distinction  in  type  of  horse.  In  rabbits,  with  which  our 
experience  is  much  larger,  there  is  very  great  individual  difference. 
It  is  far  more  important  in  the  production  of  this  kind  of  serum  than 
in  the  production  of  antitoxic  sera  that  the  horses  should  be  perfectly 
sound  and  healthy,  especially  without  old  joint  injuries. 

Site  of  Injection. 

Neufeld  has  laid  stress  on  the  value  of  intravenous  injections.  We 
have  also  employed  this  method  since  local  reactions  are  thereby 
avoided.  With  dead  cultures  the  local  reactions  are  usually  not 
severe  or  important;  where  living  cultures  are  employed,  however, 
they  may  be  \dolent  and  abscess  formation  not  infrequently  occurs. 
It  is  felt,  moreover,  that  by  intravenous  injections  the  bacteria  are 
brought  more  rapidly  and  quickly  and  with  less  opportunity  for  change 
into  contact  with  widely  distributed  cells,  the  reaction  with  which  is 
supposed  to  result  in  the  immunity  response. 

Choice  of  Antigen. 

Use  of  Living  or  Dead  Cultures. — As  we  have  previously  stated,  the 
production  of  active  immunity  is  attended  with  Httle  difficulty  and 
the  form  of  antigen,  so  far  as  we  know,  is  not  of  great  importance, 
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but  when  we  come  to  the  question  of  the  production  of  humoral 
immunity,  especially  of  the  highest  grade,  this  factor  may  be  of  the 
greatest  importance.  It  has  generally  been  assumed  on  theoretical 
grounds  that  to  produce  the  highest  grade  of  humoral  immunity 
it  is  necessary  to  use  living  cultures.  It  seems  likely  that  all  the 
various  constituents  of  the  bacterial  cell  and  even  some  products  of 
growth,  which  may  be  very  labile,  give  rise  to  specific  antibodies. 
Therefore  to  obtain  the  most  varied  and  complete  reaction  it  has 
been  thought  necessary  to  employ  the  living  organisms,  which  may, 
for  a  short  time  at  least,  grow  in  the  body  and  produce  or  give  rise  by 
their  dissolution  to  certain  labile  metabolic  substances  which  may 
stimulate  antibody  formation.  Most  of  the  antipneumococcic  sera 
which  have  been  prepared,  at  least  of  late  years,  have  been  produced 
by  the  injection  first  of  dead,  then  of  living  organisms.  The  general 
acceptance  of  this  method  is  probably  due  in  part  to  what  is  known 
concerning  immunity  in  tuberculosis.  Here,  as  is  well  known,  the  only 
immunity  that  is  effective  has  been  produced  by  the  injection  of  Hving 
organisms,  by  producing  a  mild  tuberculous  infection.  One  must  be 
careful,  however,  in  applying  what  is  known  concerning  one  type  of 
infection  directly  to  another,  without  due  consideration.  As  knowl- 
edge of  infection  increases  it  becomes  more  and  more  evident  that 
each  disease  must  be  considered  independently.  As  we  shall  show 
later,  it  is  possible  that  in  the  production  of  antipneumococcic  serum 
the  living  organisms  are  not  so  important  as  they  have  previously 
been  considered. 

Virulence  of  Organisms  Employed. — ^Pneumococci  may  rapidly 
lose  their  virulence  for  animals  when  grown  in  an  artificial  medium. 
This  loss  of  virulence,  however,  may  not  be  uniform  for  all  kinds  of 
experimental  animals.  Moreover,  the  virulence  of  pneumococci 
which  have  long  been  grown  on  artificial  media  may  be  increased  by 
passing  repeatedly  through  experimental  animals.  Here  again  the 
increase  of  virulence  may  not  be  uniform  for  all  the  varieties  of 
animals.  It  is  possible,  for  instance,  to  obtain  a  given  strain  which 
is  very  virulent  for  guinea  pigs,  with  little  virulence  for  rabbits. 
Even  for  animals  as  closely  related  in  their  susceptibiUty  to  pneumo- 
coccus  infection  as  the  rabbit  and  mouse,  it  is  possible  to  have  races 
which  are  highly  virulent  for  one  with  little  virulence  for  the  other. 
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It  is  manifest,  therefore,  that  we  can  judge  only  very  imperfectly  of  the 
virulence  of  a  given  race  for  man  by  determining  its  virulence  for  a 
susceptible  animal,  such  as  the  mouse  or  rabbit.  Whether  in  the 
production  of  an  immune  serum  it  is  important  for  the  organisms 
employed  to  be  highly  virulent  or  not  is  not  known.  Neufeld  and 
his  associates^'  ^^  have  laid  stress  on  the  employment  of  virulent 
cultures,  believing  that  the  action  of  immune  serum  is  to  neutralize 
exactly  those  receptors  of  the  bacterium  upon  which  virulence  de- 
pends. They  state  that  they  have  proved  experimentally  that  im- 
munity cannot  be  produced  with  avirulent  races,  but  give  no  protocols. 
Races  virulent  for  mice  have  been  employed  in  all  our  immunizing 
studies  and  we  have  no  observations  concerning  immunization  with 
a\irulent  races.  If  virulence  of  the  organism  used  as  antigen  is 
important,  what  we  have  just  stated  concerning  virulence  for  different 
species  of  animals  becomes  of  great  significance.  It  will  be  remem- 
bered that  mice  are  used  in  all  our  tests  of  immunity.  The  fact  that 
a  serum  is  protective  for  mice  would  indicate  that  it  had  been  pro- 
duced by  a  race  of  pneumococci  virulent  for  mice,  but  the  test  might 
give  us  little  information  relative  to  its  protective  power  for  man. 
We  have  therefore  come  to  beheve,  on  these  purely  theoretical  grounds, 
that  the  immunization  of  horses  should  be  carried  on  with  organisms 
which  have  not  been  long  under  artificial  cultivation  since  their 
isolation  from  the  human  body.  These  organisms  are  practically 
always  virulent  for  mice,  so  that  where  they  are  employed,  the  test 
of  the  protective  power  of  the  serum  in  mice  is  probably  a  good  test 
for  protective  and  curative  power  in  man.  In  order  to  have  a  culture 
which  has  not  long  been  removed  from  the  human  body  always  ready 
for  use,  advantage  may  be  taken  of  an  observation  made  by  Heim^^ 
and  confirmed  by  Neufeld  and  HandeP  and  abundantly  corroborated 
by  us ;  namely,  that  when  pneumococci  are  preserved  in  pieces  of  dried 
tissue  or  blood  they  remain  viable  for  a  very  long  time,  and  also 
retain  their  virulence  undiminished.  For  preserving  small  amounts 
of  culture  the  spleens  of  infected  mice,  dried  and  kept  in  a  vacuum, 
are  most  satisfactory.  For  preserving  large  amounts  of  culture  from 
human  patients,  it  is  well  to  inoculate  a  rabbit  with  blood  or  other 
infected  material.  After  infection  has  reached  a  maximum  grade, 
i«Heim,  L.,  Z.  Hyg.  u.  Infectionskrankh.,  1905,  1,  123. 
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the  rabbit  is  bled  and  the  blood  is  spread  in  thin  layers  in  Petri 
dishes  and  dried.  To  obtain  a  fresh  culture  at  any  time  all  that  is 
necessary  is  to  inoculate  a  little  of  this  dried  material  into  the  peri- 
toneal cavity  of  a  mouse  and  later  make  a  fresh  culture  from  the  heart's 
blood.  For  immunizing  purposes  a  fresh  culture  obtained  in  this 
way  should  be  prepared  every  1  or  2  weeks.  This  precaution  in  ob- 
taining cultures  should  be  taken  not  only  when  the  live  bacteria  are 
to  be  injected,  but  also  when  dead  organisms  are  to  be  employed. 

Method  of  Growing  Organisms  Used  for  Injection. — The  use  of 
bacteria  grown  in  broth  and  separated  by  centrifugalization  from  the 
medium  in  which  they  are  grown  was  first  employed  by  Neufeld'''' 
who  believed  that  the  substances  formed  in  the  medium  during  growth 
are  not  useful  but  indeed  harmful.  We  also  think  that  it  is  not  neces- 
sary to  use  the  fluid  in  which  the  bacteria  are  cultivated.  In  this 
behef  we  differ  from  Wadsworth^^  whose  observations  apparently  show 
that  the  serum  produced  with  whole  cultures  is  more  effective  than 
that  produced  by  the  injection  of  the  bacteria  alone.  His  experiments, 
however,  are  not  entirely  conclusive  and  in  the  absence  of  any  method 
of  accurately  titrating  this  increased  efficacy,  it  does  not  seem  ad- 
visable to  employ  the  whole  culture.  Moreover,  the  injection  of  the 
whole  culture  adds  greatly  to  the  difficulty  of  the  immunizing  process. 
As  is  well  known,  even  fresh  bouillon  is  toxic  and  after  bacterial 
growth  has  taken  place  it  is  still  more  toxic.  In  using  whole  cultures, 
therefore,  one  is  much  restricted  as  to  the  amount  that  can  safely  be 
injected.  When  the  amount  of  culture  to  be  injected  reaches  a  large 
size,  the  technical  difficulties  and  time  required  in  centrifugaHzing  the 
cultures  become  considerable.  We  have  attempted  to  overcome  these 
difficulties  by  growing  the  pneumococci  on  blood  glucose  agar  in 
flasks  and  washing  off  the  surface  growth  in  salt  solution,  using  the 
emulsion  so  obtained,  without  centrifugaHzing.  For  certain  the- 
oretical reasons,  moreover,  we  thought  this  method  might  be  of 
advantage.  In  our  experience,  however,  the  method  of  growing  in 
bouillon  and  centrifugaHzing  still  proves  the  most  satisfactory.  In 
our  earHer  work  the  organisms  were  obtained  by  growling  in  broth, 

'^  Neufeld,  F.,  Z.  Hyg.  u.  Infeciionskrankh.,  1902,  xl,  54. 
'sWadsworth,  A.  B.,  /.  Exp.  Med.,  1912,  xvi,  78. 
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centrifugalizing,  and  washing  once  in  salt  solution,  and  then  re- 
suspending  in  salt  solution.  In  our  later  work,  however,  we  have  not 
thought  it  necessary  to  wash,  but  have  merely  centrifugalized  and 
then  made  an  emulsion  of  the  sediment  in  salt  solution. 

For  obtaining  a  satisfactory  growth  in  bouillon  the  reaction  of  the 
medium  is  of  great  importance.  Pneumococci  grow  best  in  a  medium 
the  reaction  of  which  is  0.3  to  0.5  per  cent  acid  to  phenolphthalein.  If 
the  reaction  is  more  acid  than  this,  a  satisfactory  growth  may  not  be 
obtained.  We  have  added  no  sugar,  serum,  or  other  enriching  sub- 
stance to  the  medium  employed. 

Size  and  Spacing  of  Doses. 

In  our  first  studies  we  employed  the  method  which  has  been  largely 
employed  by  others,  making  the  injections  every  7  to  8  days.  This  is 
the  method  generally  employed  in  immunization  and  has  developed 
from  the  observation  that  the  most  efl&cient  stimulus  can  be  applied 
at  the  time  when  the  immunological  response  to  the  preceding  dose 
is  most  active.  Grades  of  high  immunity  have  been  thought  to 
increase  in  a  step-Hke  manner,  each  increment  being  added  to  that 
previously  present.  It  is  again  not  certain,  however,  that  anti- 
pneumococcus  immunity  obeys  the  same  laws  as  other  forms  of 
immunity  in  which  this  step-Hke  rise  occurs.  Certain  of  our  observa- 
tions to  be  mentioned  later  indicate  that  even  when  the  injections 
are  made  at  the  period  of  greatest  activity,  instead  of  a  rise  in  the 
immunity,  there  may  be  a  fall,  especially  if  the  dosage  is  too  large. 
After  a  primary  immunity  had  been  obtained  by  weekly  injections 
of  dead  cultures,  live  organisms  were  injected,  beginning  with  small 
doses,  i.e.,  the  bacteria  from  2  to  5  cc.  of  bouillon  culture,  and  the 
succeeding  weekly  injections  were  gradually  increased  in  size  up  to 
the  bacteria  contained  in  1  or  even  2  liters  of  culture.  Neufeld  speaks 
of  injecting  doses  of  Hving  pneumococci  as  large  as  the  bacteria  ob- 
tained from  1,500  cc.  of  culture  in  the  horse,  and  from  3,500  cc.  in 
the  ass.  He  injected  doses  of  dead  organisms  as  large  as  the  bac- 
teria contained  in  9  Hters  of  culture.  In  our  experience  this  method 
of  immunization  is  attended  with  many  disadvantages.  It  has  re- 
quired 6  to  8  months  to  bring  horses  up  to  the  desired  grade  of 
immunity.     That  these  very  large  doses  are  not  necessary  is  shown 
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by  the  following  protocol  of  a  horse  in  which  the  attempt  was  made 
to  produce  an  effective  serum  by  using  only  small  doses  of  culture 
(Table  I). 


TABLE   I. 


Horse  1.  Immunized  to  Pneumococcus  Type  I. 


Date. 

Injection. 

Tests  of  serum. 

1916 

Feb.     2 

3,250 

units  of  tetanus  antitoxin  subcutaneously. 

"       4 

Bacteria  from    25  cc.  of  culture,  killed  by  heating. 

"      11 

« 

"       50  "   "        "           "       " 

"     18 

« 

«            ^C    «      <(              «                     <<            <<               « 

"     26 

(< 

<<         1QA    <<      U              «                     11            (I               (< 

Mar.    3 

<< 

living,  from    2.5  cc.  of  culture. 

"      11 

<< 

"          "       5.0  "    "        " 

"      19 

« 

"      10.0  "    "        " 

"      29 

<< 

"         "      20.0  "    "        " 

Apr.     3 

i( 

"          "     40.0  "    " 

"      15 

(( 

"         "     80.0  "    "        " 

"     22 

• 

Agglutination:*  complete. 
Protection:t  0.1    cc,  D.; 
0.01  cc.  S. 

"     22 

Bacteria,  living,  from  120  cc.  of  culture. 

May    7 

Agglutination:*  complete. 
Protection :t  0.1  cc,  S. 

*  These  tests  were  made  before  we  commenced  the  routine  accurate  titration 
of  the  agglutination  strength. 

t  In  the  protection  tests  each  of  the  mice  received  0.2  cc.  of  serum  simultane- 
ously with  a  graduated  dose  of  culture,  both  given  intraperitoneally.  The  figures 
given  indicate  the  amount  of  culture  added.  D.  indicates  died;  S.,  survived. 
For  brevity,  only  the  highest  dose  with  which  recovery  took  place  is  given.  In 
all  cases  the  control  animals  receiving  0.000001  cc.  of  culture  alone  died. 


It  is  true  that  the  results  obtained  with  this  horse  were  unusually 
good,  better  than  any  we  have  since  been  able  to  obtain  with  a  sirtiilar 
method.  They  indicate,  however,  that  the  large  doses  which  we 
had  been  using  were  not  necessary,  that  equally  good  results  could  be 
obtained  with  much  smaller  amounts  of  culture. 
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Modification  and  Improvements  in  the  Methods  of  Immunization. 

Over  a  year  ago  we  undertook  experiments  to  determine  whether 
or  not  animals  could  be  immunized  more  rapidly  than  had  been  done 
in  the  past,  and  also  whether  it  might  not  be  possible  to  obtain  a  higher 
grade  of  immunity  than  we  had  previously  observed,  and  finally  to 
determine  for  ourselves  whether  the  use  of  living  organisms  is  neces- 
sary in  producing  humoral  immunity. 

To  determine  the  best  methods  of  immunization  a  large  number  of 
rabbits  was  immunized  in  various  ways  and  the  development  of 
immunity  studied.  Certain  observations  which  had  been  made 
indicated  that  the  process  might  be  hastened  by  more  frequent 
injections  of  antigen  than  had  previously  been  used. 

In  1900  Dean^^  showed  that  in  the  production  of  diphtheria  antitoxic  immunity 
the  administration  of  the  toxin  at  3  day  intervals  gave  very  successful  and  practical 
results.  Daily  doses  of  antitoxin  have  been  administered  with  good  results  when 
other  methods  have  failed.^"  In  1908  Fornet  and  Miiller^^  showed  that  pre- 
cipitating sera  could  be  produced  very  rapidly  by  three  daUy  injections  of  antigen, 
bleeding  on  the  12th  day.  Bonhoff  and  Tsuzuki^^  confirmed  these  observations 
and  Tsuzuki^^  showed  that  by  a  similar  method  a  rapid  production  of  typhoid- 
agglutinating  senun  could  be  produced.  Similar  observations  have  been  made 
by  Gay  and  his  assistants.^^ 

Flexner  and  Amoss^^  have  employed  a  similar  method  in  the  production  of 
antidysenteric  serum,  injecting  live  cultures  on  3  successive  days,  with  excellent 
results.  In  the  same  way  the  method  of  three  daily  injections  has  been  em- 
ployed by  Amoss  and  Wollstein^^  in  the  production  of  antimeningococcic  serum. 

In  the  production  of  antidysenteric  and  antimeningococcic  serum 
stress  has  been  laid  on  regulating  the  size  of  the  dose  so  that,  follow- 
ing each  inoculation,  a  febrile  reaction  shall  be  obtained.  It  occurred 
to  us  that  the  choice  of  three  daily  doses  had  been  made  more  or 

19  Dean,  G.,  Tr.  Path.  Soc.  London,  1900,  li,  15. 

2"  Personal  communication  from  Dr.  Theobald  Smith. 

21  Fornet,  W.,  and  Miiller,  M.,  Z.  biol.  Techn.  u.  Method.,  1908-09,  i,  201. 

22  Bonhoff,  H.,  and  Tsuzuki,  M.,  Z.  Immunitdtsforsch.,  Orig.,  1909-10,  iv,  180. 

23  Tsuzuki,  M.,  Z.  Immunitatsjorsch.,  Orig.,  1909-10,  iv,  194. 

2^  Gay,  F.  P.,  Ergebn.  Immunitdtsforsch.  exp.  Therap.,  Bakteriol.  u.  Hyg.,  1914,  i, 
231. 

2*  Flexner,  S.,  and  Amoss,  H.  L.,  /.  Exp.  Med.,  1915,  xxi,  515. 
26  Amoss,  H.  L.,  and  Wollstein,  M.,  /.  Exp.  Med.,  1916,  xxiii,  403. 
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less  arbitrarily  and  that  possibly  daily  doses  administered  over  a 
longer  time  might  be  still  more  efficacious  in  producing  a  satisfactory 
result,  especially  since  this  method  had  proved  of  value  in  the  pro- 
duction of  diphtheria  antitoxin.  That  this  method  is  indeed  of  much 
value  is  seen  from  the  results  of  the  experiments  given  below.  The 
experiments  need  not  be  described  here  in  detail.  Certain  slight 
variations  due  to  external  causes  were  made  in  individual  instances, 
but  most  of  the  animals  were  treated  about  as  follows. 

Series  1. — These  animals  received  weeidy  intravenous  injections  of  large  amounts 
of  bacteria  obtained  by  centrifugalization  of  broth  cultures,  which  were  then 
killed  by  heating  for  1  hour  at  56°C.  The  size  of  the  doses  varied  from  the 
bacteria  contained  in  100  cc.  of  broth  to  those  contained  in  500  cc. 

Series  2. — These  animals  received  intravenous  injections  of  very  small  amounts 
of  bacteria  killed  by  heat  as  in  the  above  experiment;  the  doses  were  given  daily 
for  7  days,  then  an  interval  of  7  days  was  allowed  to  elapse,  and  a  second  series  of 
injections  was  given,  etc.  The  bacteria  in  the  individual  doses  varied  from  those 
contained  in  1  cc.  of  broth  to  those  contained  in  2  cc. 

Series  3. — ^These  animals  received  combined  doses  of  immune  horse  serum  and 
living  cultures  intravenously,  beginning  with  1  cc.  of  serum  plus  0.1  to  0.5  cc.  of 
culture.  This  dose  was  repeated  every  day  for  3  days,  then  7  days  were  allowed 
to  elapse,  and  a  second  series  of  these  combined  doses  was  given,  this  time  using 
slightly  larger  doses  of  culture.  After  an  interval  of  another  week,  combined 
doses  using  still  larger  amounts  of  culture  were  given,  etc. 

Series  4. — These  animals  received  varying  sized  doses  of  pneumococci  killed 
by  the  addition  of  0.5  per  cent  carbolic  acid.  The  bacteria  were  centrifugalized 
from  broth  cultures,  taken  up  in  salt  solution,  the  carbolic  acid  was  added,  and 
the  mixture  kept  at  37°C.  over  night.  As  in  the  preceding  series,  the  injections 
were  given  intravenously  on  3  successive  days,  then  an  interval  of  a  week  was 
allowed  to  elapse,  and  the  second  series  given.  The  number  of  bacteria  in  the  in- 
dividual doses  varied  from  those  contained  in  2  cc.  of  broth  to  those  in  50  cc.  of 
broth.     Some  animals  received  large  weekly  doses  subcutaneously. 

Series  5. — These  animals  received  injections  of  an  antigen  prepared  as  follows. 
The  bacteria  were  grown  in  broth,  centrifugalized,  washed,  and  taken  up  in  a 
very  small  amount  of  salt  solution,  and  this  emulsion  was  added  to  a  large  amount 
of  acetone.  The  sediment  which  formed  was  centrifugalized  at  once,  dried  in  a 
vacuum,  and  after  12  hours  in  the  vacuum,  taken  up  in  salt  solution  and  thoroughly 
shaken.  From  this  somewhat  viscid  translucent  fluid  further  dilutions  in  salt 
solution  were  made.  The  injections  in  these  rabbits  were  made  once  a  week, 
and  the  doses  varied  from  an  amount  of  antigen  representing  the  bacteria  con- 
tained in  5  cc.  of  broth  to  one  representing  the  bacteria  contained  in  220  cc.  of 
broth.    The  small  doses  were  given  intravenously,  the  larger  ones  subcutaneously. 
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In  addition  to  the  above,  a  small  series  of  rabbits  received  injections 
of  antigen  prepared  by  freezing  and  grinding  the  bacteria,  and  another 
small  series  received  injections  of  bacteria  dissolved  in  bile. 

In  studies  such  as  these  it  must  be  borne  in  mind  that  individual 
rabbits  immunized  in  exactly  the  same  way  may  show  quite  marked 
variations  in  their  immunity  response.  Slight  differences,  therefore, 
in  results  obtained  in  small  series  of  animals  are  not  of  significance. 

It  would  lead  us  too  far  to  attempt  to  analyze  in  detail  the  results 
in  the  various  tests  or  to  publish  the  protocols.  One  definite  fact 
stands  out  from  these  studies.  Uniformly  the  results  following  the 
injection  of  small  doses  of  killed  culture  given  daily  over  a  period  of 
7  days  followed  by  7  days  of  rest  were  excellent  (Series  2).  This  is 
in  marked  contrast  to  the  results  obtained  by  the  injection  of  large 
doses  of  killed  cultures  given  at  intervals  of  a  week  (Series  1).  Serum 
from  these  animals  showed  Httle  or  no  evidence  of  immunity.  This  is 
strikingly  shown  in  Table  II. 


TABLE   II. 


Date. 

Day. 

Weight. 

Injection. 

Agglutination 
tests. 

Protection 
tests. 

Rabbit  1. 

1916 

gm. 

May  27 

1 

7  day  in- 
terval. 

1,670 

Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 

June    4 

9 

9  day  in- 
terval. 

1,400 

Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 

"      14 

19 

9  day  in- 
terval. 

1,300 

Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 

* 

"     24 

29 

6  day  in- 
terval. 

1,270 

Bacteria  from  250  cc.  of  culture, 
killed  by  heating. 

July     1 

36 

1,150 

Undiluted,  0 

0.001  cc,  D. 
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TABLE  II — Continued. 


Date. 

Day. 

Weight. 

Injection. 

Agglutination 
tests. 

Protection 
tests. 

Rabbit  2. 

1P16 

gm. 

May  28 

1 

1,520 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"      29 

2 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     30 

3 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     31 

4 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

June     1 

5 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"       2 

6 

7  day  in- 
terval. 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

June  10 

14 

1,650 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"      11 

15 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"      12 

16 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"      13 
1 

17 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"      14 

18 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     15 

19 

7  day  in- 
terval. 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

June  23 

27 

1,180 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     24 

28 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     25 

29 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     26 

30 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

"     27 

31 

8  day  in- 
terval. 

Bacteria  from  1  cc.  of  culture, 
killed  by  heating. 

July     6 

40 

1,100 

1:200  + 
1:400  0 

0  2cc.,D. 
O.lcc.S. 
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As  the  protocols  show  the  serum  of  Rabbit  1  injected  weekly  with 
large  doses  of  culture  showed  no  agglutinating  power  and  only  moder- 
ate protective  action.  On  the  other  hand,  the  serum  of  Rabbit  2 
which  was  treated  over  practically  the  same  period  of  time  but 
received  very  small  daily  doses  showed  high  agglutinating  strength, 
positive  in  a  dilution  of  1 :  200,  and  high  protective  power.  These 
results  were  most  surprising  and  striking,  especially  as  all  of  the 
eight  rabbits  inoculated  with  the  small  daily  doses  showed  an  extra- 
ordinarily prompt  and  active  response,  while  all  of  the  eight  rabbits 
inoculated  with  the  large  doses  showed  very  little  or  no  response  in 
the  same  period  of  time. 

The  studies  of  other  methods  of  immunization  gave  little  in- 
formation. The  attempts  to  produce  immunity  with  combined  doses 
of  serum  and  culture  (Series  3)  gave  unsatisfactory  results.  The 
experiments  of  this  series  were  undertaken  because  by  this  method 
live  cultures  could  be  injected  at  the  very  beginning  of  the  im- 
munization. Moreover,  Theobald  Smith^^  and  von  Behring-*'  have 
shown  the  possibility  of  immunizing  with  combined  doses  of 
toxin  and  antitoxin.  Besredka^^  and  others  have  shown  the  pos- 
sibility of  immunizing  against  typhoid  with  sensitized  cultures. 
Levy  and  Aoki^"  claim  to  have  produced  immunity  to  pneumococci 
with  great  rapidity  (in  6  hours)  by  the  injection  of  sensitized  bacteria 
killed  with  carbolic  acid.  However,  in  view  of  what  is  now  known 
concerning  possible  dissociation  of  pneumococcus  antigen  and  anti- 
body (Gay  and  Chickering^'),  it  is  possible  that  what  the  latter  writers 
observed  was  not  active  immunity  but  slight  grades  of  passive  im- 
munity. In  any  case,  the  grade  of  immunity  produced  was  slight. 
Our  experiments  yielded  no  evidence  in  favor  of  the  combined  injec- 
tion of  culture  and  immune  sprum.  Nevertheless,  it  is  possible  that 
other  modifications  of  the  method  might  yield  better  results,  especially 
as  we  made  no  effort  to  balance  accurately  the  amounts  of  culture 
and  immune  serum  employed. 

27  Smith,  Theobald,  J.  Med.  Research,  1907,  xvi,  359. 

2^  von  Behring,  E.,  Deutsch.  med.  Woch.,  1913,  xxxix,  873. 

2^  Besredka,  cited  by  Gay.^^ 

'"  Levy,  E.,  and  Aoki,  K.,  Z.  Immunitdtsforsch.,  Orig.,  1910,  vii,  435. 

31  Gay,  F.  P.,  and  Chickering,  H.  T.,  /.  Exp.  Med.,  1915,  xxi,  389. 
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The  serum  of  the  rabbits  of  Series  4  inoculated  with  cultures  killed 
by  carbolic  acid  indicated  no  considerable  grade  of  immunity.  There 
is  apparently  no  advantage  to  be  gained  in  employing  antigen  pre- 
pared in  this  way.  Levy  and  Aoki,^"  however,  have  reported  the  pro- 
duction of  immune  serum  in  dogs  by  the  use  of  this  method;  but 
the  grade  of  immunity,  according  to  our  standards,  was  slight. 

Finally,  the  experiments  in  Series  5  and  those  in  which  frozen  and 
ground  bacteria  and  bacteria  dissolved  in  bile  were  employed  simply 
offer  observations  in  the  use  of  bacterial  antigenic  substances  pro- 
duced in  other  ways. 

Neufeld^^  and  Vetrano^^  have  also  employed  bile  extracts  of  pneumococci  for 
immunizing  purposes,  only,  however,  in  the  production  of  active  immunity. 
Others  have  employed  still  other  artificial  methods  of  treating  the  bacteria. 
G.  and  F.  Klemperer^  used  glycerol  extracts  and  Wadsworth^^  attempted  immuni- 
zation with  cultures  precipitated  with  alcohol  and  dissolved  in  water. 

These  and  our  own  observations  with  artificially  produced  antigens 
show  that  sUght  grades  of  immunity  can  be  produced  by  antigens  pre- 
pared by  various  methods.  The  antigenic  substance  seems  to  be 
highly  resistant.  However,  neither  the  observations  of  others  nor  our 
own  indicate  that  these  methods  are  especially  useful  in  extracting  the 
antigenic  substance  or  in  rendering  it  more  effective.  Indeed  in  all 
instances  the  immunity  reaction  resulting  from  the  employment  of 
antigens  prepared  in  these  ways  was  less  intense  than  that  following 
the  injection  of  heat-killed  bacteria.  One  fact  emerges  from  these 
experiments,  however,  though  in  a  less  striking  way  than  from  the 
observations  previously  mentioned;  namely,  that  small  doses  repeated 
frequently  are  much  more  effective  than  large  doses  given  at  longer 
intervals.  The  very  large  doses  seem  to  have  a  definite  repressing 
action  on  the  development  of  antibodies. 

These  observations  led  us  to  immunize  a  series  of  four  rabbits  with 
small  daily  doses  to  determine  the  exact  time  of  appearance  of  the 
immune  properties  in  the  serum.  Table  III  is  a  typical  protocol  of 
one  of  the  rabbits. 

^^  Neufeld,  Z.  Hyg.  u.  Infectionskrankh.,  1900,  xxxiv,  454. 
"  Vetrano,  G.,  Centr.  Bakteriol.,  Ik  Abt.,  Orig.,  1909,  Hi,  275. 


1916 

May  29 


"  29 

"  30 

"  31 

June  1 

"  2 

"  3 

"  9 


11 
12 
13 
14 
15 
16 
23 


"  24 

"  25 

"  26 

"  27 

"  28 

"  29 

July  5 

"  7 


TABLE  in. 
Rabbit  3. 


Weight. 


gm. 
1,950 


1,950 
1,900 

1,910 


1,900 
1,750 


1,750 

1,900 

1,850 
1,950 


Injection  of 
vaccine. 


Agglutination 
tests. 


1:1 :++ 

1:  10      0 


1:1  +  + 
1:10+  + 
1:20    + 


1:100+  + 
1:200    + 
1:400     0 


Protection  tests. 


0.0001   cc. 
0.00001   " 

0.000001  " 


36  hrs. 
36   " 
36   " 


0.1 

cc. 

D. 

16  hrs 

0.01 

(( 

n 

79   " 

0.001 

<( 

s. 

0.0001 

" 

" 

0.1 

0.01 

0.001 


cc,  S. 


0.2  cc,  D.  20  hrs. 
0.1  "     S. 
0.01"     " 


*  In  these  experiments  the  material  for  injection  was  prepared  at  the  beginning 
of  the  experiment  and  kept  on  ice.  150  cc.  of  an  18  hour  broth  culture  of  Pneu- 
mococcus  Type  I  was  centrifugalized  and  the  sediment  washed  once  in  salt  solu- 
tion. The  sediment  was  taken  up  in  10  cc.  of  salt  solution  and  heated  f  hour 
at  56°C.  Cultures  were  sterile.  The  emulsion  was  kept  on  ice  and,  after  shak- 
ing, a  small  amount  was  removed  and  diluted  to  original  volume  before  each 
injection.     The  injections  were  made  intravenously. 
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The  experiment  shows  that  it  is  possible  by  this  method  of  immuni- 
zation to  produce  a  liigh  grade  of  immunity  witliin  6  weeks;  even 
within  4  weeks  a  considerable  grade  of  immunity  is  present.  The 
serum  from  each  of  the  four  rabbits  showed  a  high  agglutinating 
titer  and  a  constant  protective  power  against  0.01  to  0.1  cc.  of 
culture.  Two  of  the  rabbits  lost  slightly  in  weight,  one  remained  sta- 
tionary, and  one  actually  gained.     They  showed  no  other  ill  effects. 

Experiments  have  also  been  made  to  show  whether  similar  or  better 
results  could  be  obtained  by  injecting  animals  daily  with  small  doses 
over  longer  periods  than  7  days.  Four  rabbits  were  given  small 
daily  doses  for  14  days  and  then  bled  and  the  serum  was  tested  on  the 
5th  and  10th  days  following  the  last  injection.     The  serum  of  these 


TABLE   IV. 
Horse  2.  Immunized  to  Pneumococcus  Type  I. 


Date. 

Injection. 

Agglutination 
test. 

Protection 

tests. 

1916 

Jan.    27 

1,500  units  of  tetanus  antitoxin  subcutaneously. 

"     29 

Bacteria  from  50  cc.  of  culture,  killed  by  heating. 

"     30 

<<                       «            CQ       ((       <<                 ((                        «                 li                H 

"      31 

"     50  "   "       "          "       " 

Feb.     1 

((                 ((        TQ     a     <<            ((                 u           «            (( 

"       2 

li              «       c:q    <(     ((           i<               «          u          (< 

"       3 

<<               (<       cQ    «    ((          (<              <(          (<          a 

"      10 

a              (<       r/-v    ((     u          ((              a          <(          a 

"      11 

U          5Q      U       U 

"      12 

((                      «           CQ      11       ((               i<                     it              ((               (< 

"      13 

"     50  "   "       "          "       " 

"      14 

u     50  «   « 

"      15 

"     50  "   "       "          "       "        " 

"      23 

<<                   ((         CQ      <<      '<             «                   <<             (<              « 

"      24 

"          "     50  "  "       "          "       "       " 

"      25 

11               it        CQ    i>     <<           a               a          «           a 

"     26 

it     50  "  "       "          "       "       " 

"     27 

a              a       CQ    «    (<          ((              a          a          « 

"     28 

it              a       50    a    a          <<              «          a          a 

Mar.    8 

1 :  200  + 

0.1  cc. 

0.1     " 
0.01" 

S. 

D. 

S. 
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animals  has  shown  very  slight  agglutinating  and  protective  power,  so 
that  this  modification  seems  to  be  of  no  advantage. 

The  results  of  the  rabbit  experiments  have  led  us  to  try  the  method 
of  immuni2ration  described  above  in  horses.  The  result  obtained  in 
one  horse  treated  in  this  manner  is  given  in  Table  IV. 

The  results  in  this  and  other  horses  have  shown  that  it  is  possible 
in  this  way  to  produce  a  very  high  grade  of  primary  immunity  with  a 
great  saving  in  time  and  without  danger  to  the  animal.  The  dosage 
has  been  arbitrarily  chosen.  It  is  possible  that  with  further  experi- 
ence and  more  carefully  regulated  dosage  it  may  be  possible  to  produce 
even  higher  grades  of  immunity  in  this  way.  It  may  even  be  possible 
by  this  method  to  obviate  entirely  the  use  of  live  cultures. 

What  has  been  attempted  so  far,  however,  has  been  the  production 
of  a  primary  immunity  in  the  quickest  possible  time  and  with  the 
least  loss  in  horses. 


TABLE   V. 


Horse  2,  Undergoing  Immunization  Since  January  29,  1916.    Last  Bleeding,  11 

Liters,  on  May  15,  1917. 


Date. 

Injection. 

Protection  tests. 

1917 

May  26 

Bacteria  from  100  cc. 

of  culture, 

killed  by  heating. 

"     27 

100  " 

a          « 

"     28 

100  " 

(I         « 

"     29 

100  " 

i(          a 

"     30 

100  " 

«          i( 

June     1 

100  " 

11          a 

"       9 

100  " 

U             (I 

"      11 

100  " 

«          (t 

"     14 

100  " 

«          i< 

"     15 

100  " 

iC              li 

"     16 

100  " 

it          It 

"     17 

100  " 

tt          tt 

June  25 

Blood  test. 

0.01cc.,D. 

July     6 

Bacteria,  living,  from  100  cc. 

of  culture 

"       7 

U                ii 

ti 

130  " 

tt 

it 

"       8 

{(           i( 

i< 

160  " 

If 

ti 

"      13 

Blood  test. 

0.2  cc,  S. 
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The  problem  now  confronting  us  is  to  determine  the  method  by 
which  horses  having  an  estabUshed  primary  immunity  may  be  brought 
up  to  the  highest  possible  level  and  kept  there.  In  order  to  do  this, 
when  dead  cultures  have  failed,  it  may  be  necessary  to  resort  to  Hving 
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Text-Fig.  1.  Temperature  curve  of  Horse  3  injected  with  living  Pneumococcus 
Type  I. 


cultures.     An  observation  on  one  of  our  horses  makes  this  probable 
(Table  V). 

In  this  horse,  whereas  repeated  small  daily  doses  of  killed  culture 
failed  to  bring  the  serum  up  to  full  strength,  three  moderate  sized 
doses  of  hving  culture  caused  the  serum  to  acquire  maximum  power. 
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This  result  has  been  seen  on  numerous  occasions  and  it  is  probable 
that  in  most  horses  living  cultures  must  finally  be  employed.  When 
injections  of  li\dng  cultures  are  made  we  now  employ  the  method 
described  by  Flexner  and  Amoss,-^  administering  three  doses  in 
amounts  sufficient  to  produce  a  moderate  febrile  reaction.  A  typical 
curve  is  shown  in  Text-fig.  1.  So  far  as  pneumococcus  immunity, 
however,  is  concerned,  the  necessity  for  producing  febrile  reactions 
is  not  established.  Neufeld  believed  that  so  far  as  agglutinating 
sera  are  concerned  the  power  depends  not  so  much  on  the  height  of 
the  immunity  as  on  the  intensity  of  the  last  reaction  through  which 
the  animal  had  passed.  Therefore  he  thought  it  advisable  to  inject 
as  large  amounts  as  possible  without  killing  the  animal.  The  obser- 
vations we  have  made  do  not  support  this  point  of  view.  In  our 
experience  with  horses  a  violent  reaction  is  not  always  followed  by  a 
marked  immunity  response  or  increase  in  agglutinating  power  of  the 
serum;  indeed  the  opposite  is  frequently  the  case.  For  the  present, 
however,  in  giving  five  cultures  it  is  probably  better  to  be  guided  in 
the  size  of  the  dose  by  the  febrile  reactions.  We  think,  however, 
that  large  doses  should  be  avoided  even  though  the  febrile  reaction 
is  slight. 

Typical  Method  of  Immunization  Based  on  Previous  Observations. 

As  a  result  of  our  observations  and  those  of  others  we  now  believe 
that  immunization  should  be  carried  out  according  to  the  method 
as  at  present  employed  by  us,  which  is  briefly  given  below. 

Having  obtained  a  sound,  fairly  heavy  horse,  it  is  first  given  a  glanders  test. 
At  present  the  complement  fixation  test  is  used  for  this  purpose.  A  specimen 
of  20  cc.  or  more  of  blood  is  obtained  before  any  treatment  is  given  and  is  kept 
for  use  in  control  tests.  The  immunization  is  then  carried  out  as  follows.  All 
injections  are  made  intravenously,  employing  for  this  purpose  a  Luer  syringe. 
To  avoid  any  accidental  injury  to  the  vein  it  is  well  to  have  the  needle  attached 
to  the  syringe  with  a  small  piece  of  rubber  tubing.  The  culture  used  for  injec- 
tion, whether  living  or  dead,  should  be  one  highly  virulent  for  mice,  0.000001  cc. 
killing  regularly,  and  it  should  have  gone  through  very  few  passages  in  animals 
or  on  artificial  media  since  removal  from  the  human  patient.  The  method  for 
keeping  the  cultures  is  described  above  (page  545).  In  preparing  the  material 
for  injection,  both  living  and  dead,  the  organisms  are  grown  on  beef  peptone 
broth,  reaction  0.3  to  0.5  per  cent  acid  to  phenolphthalein.      Cultures  about  12 
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to  15  hours  old  are  preferable  as  at  this  time  maximum  growth  is  present,  with 
a  minimum  of  autolysis  (Chesney^^).  The  cultures  should  contain  about  200  to 
300  million  bacteria  per  cc.  The  culture  is  centrifugalized  until  the  supernatant 
lluid  is  clear.  With  the  large  centrifuge  employed  by  us  this  requires  about 
20  to  30  minutes.  The  supernatant  fluid  is  then  poured  off  and  the  sediment  is 
taken  up  in  a  small  amount  of  sterile  salt  solution. 

If  the  organisms  are  to  be  injected  alive,  the  emulsion  in  salt  solution  is  not 
made  until  just  before  injection,  so  that  autolysis  and  death  may  not  take  place. 
If  the  organisms  are  to  be  injected  dead,  the  emulsion  is  placed  in  a  tube  in  a 
water  bath  and  kept  at  56°C.  for  f  hour.  For  the  daily  injections  a  considerable 
amount  of  the  emulsion,  after  killing,  is  prepared  and  kept  on  ice.  This  may  be 
employed  for  all  the  injections  in  the  series  of  6  to  7  days.  We  think,  however, 
a  fresh  emulsion  should  be  prepared  each  week.  For  each  injection  the  dilution 
of  the  fluid  should  be  such  that  the  volume  injected  is  about  20  cc. 

The  following  course  of  injections  is  now  carried  out.  Every  day  for  6  days 
an  amount  of  the  emulsion  of  killed  pneumococci  containing  the  bacteria  from 
5C  cc.  of  the  bouillon  culture  is  injected.  An  interval  of  7  days  is  allowed  to  elapse 
and  then  a  second  series  of  daily  injections,  of  the  same  size,  is  made.  Again  an 
interval  is  allowed  to  elapse  and  on  the  6th  day  a  specimen  of  blood  is  obtained 
for  testing.  Tests  are  made  at  once  for  agglutinating  and  protective  power. 
This  requires  several  days. 

If  the  serum  causes  agglutination  in  a  dilution  of  1 :  200  and  is  of  standard 
protective  value,  0.2  cc.  regularly  protecting  a  mouse  against  0.1  cc.  of  a  virulent 
culture,  bleeding  may  be  carried  out  at  once;  that  is,  on  the  10th  to  12th  day 
following  the  last  injection.  As  a  matter  of  fact,  we  have  never  seen  the  titer  of 
the  serum  after  this  amount  of  treatment  to  be  so  high.  Consequently  it  has  been 
our  practice,  and  we  advise,  that  8  to  10  days  after  the  last  injection  of  the  second 
series  of  dead  bacteria,  injection  of  live  organisms  be  commenced.  These  injec- 
tions are  given  on  successive  days.  The  first  injection  should  consist  of  the  bac- 
teria contained  in  20  cc.  of  the  original  culture.  The  temperature  is  taken  every  2 
hours  for  8  to  10  hours  following  each  of  the  injections  of  live  cultures.  If  the 
temperature  reaction  is  only  moderate,  not  over  40.5°C.,  an  injection  of  the  bac- 
teria from  40  cc.  of  culture  is  given  on  the  following  day.  If  the  reaction  from  this 
is  only  moderate,  the  dose  is  again  doubled  on  the  following  day  and  the  bacteria 
from  80  cc.  of  culture  are  injected.  As  before  stated,  so  far  as  pneumococci 
are  concerned  it  is  difficult  to  regulate  the  dosage  entirely  by  the  febrile  reaction 
obtained.  If  the  reaction  is  very  severe,  of  course  the  dose  is  made  smaller  than 
those  mentioned.  On  the  other  hand,  even  though  the  reaction  is  very  slight,  we 
do  not  advise  giving  more  than  the  amounts  stated.  6  days  after  the  last  in- 
jection another  specimen  of  blood  is  obtained  for  testing.  If  the  serum  is  of  the 
standard  strength,  bleeding  can  now  be  done.    If  it  is  still  too  weak,  a  second 

^*  Chesney,  A.  M.,  /.  Exp.  Med.,  1916,  xxiv,  387. 
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series  of  injections  of  living  bacteria  is  made.  These  injections  should  consist 
of  the  bacteria  from  100  cc,  150  cc,  and  200  cc.  of  broth  on  the  3  days  respectively. 
Again,  the  size  of  the  doses  may  need  to  be  somewhat  modified,  on  account  of 
the  severity  or  lack  of  febrile  reaction.  Certain  horses  may  require  still  fur- 
ther injections  of  live  cultures  but  this  is  exceptional.  In  any  case,  we  think  the 
injections  should  be  made  in  series  of  three,  given  on  successive  days,  with  7 
day  intervals  between  each  series,  and  from  our  present  standpoint  we  believe 
that  the  size  of  the  injection  should  never  be  greater  than  the  bacteria  from 
300  to  400  cc.  of  broth.  Following  the  bleeding,  it  is  well  to  allow  the  horse 
to  remain  quiet  for  3  or  4  days.  Then  a  series  of  three  injections  of  living  cul- 
tures, 50,  80,  and  100  cc,  is  again  given.  After  a  week  the  serum  is  again 
tested  and  if  of  standard  strength  bleeding  may  again  be  done  on  the  10th  day 
following  the  last  injection. 

CONCLUSIONS. 

In  the  production  of  immune  serum  for  therapeutic  purposes  strict 
attention  must  be  paid  to  the  immunological  specificity  of  the  bacteria 
used  for  immunization.  At  present  the  only  serum  of  which  the 
therapeutic  value  has  been  proven  is  that  effective  against  Type  I 
pneumococcus  infection.  This  serum  should  have  agglutinating 
power  for  Type  I  pneumococcus  and  should  have  the  power  of 
protecting  mice  against  large  amounts  of  virulent  culture.  Experi- 
ments have  shown  that  for  producing  the  primary  immunity  most  rap- 
idly several  series  of  small  doses  of  dead  cultures  should  be  given,  the 
injections  being  made  daily  for  6  to  7  days,  followed  by  a  week  in  which 
no  injections  are  made.  To  produce  the  highest  type  of  immunity  prob- 
ably living  organisms  are  required.  These  should  be  given  in  moderate 
doses  daily  for  3  days,  with  an  interval  of  a  week  between  each  series 
of  injections.  By  following  accurately  the  methods  described,  horses 
may  be  made  to  produce  rapidly  a  high  grade  of  specific  serum. 
The  observations  so  far  made  indicate  the  importance  of  employing 
small  doses  of  culture  frequently  repeated  in  this  form  of  immunization. 
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The  following  studies  were  undertaken  with  the  purpose  of  throw- 
ing more  light,  if  possible,  on  the  influence  exerted  by  immune  serum 
on  the  metabolic  activities  of  bacteria.  It  has  been  shown  that 
under  certain  experimental  conditions  immune  serum  possesses  the 
property  of  inhibiting  or  markedly  retarding  the  metabolic  functions 
of  various  microorganisms.  Bacterial  metabolic  processes  are  gener- 
ally considered  to  be  enzjinotic  in  nature.  It  is  not  known  whether 
they  take  place  primarily  at  the  surface  of  the  bacterial  cell  or  within 
the  cell  body.  It  is  probable,  however,  that  exogenous  metabolism 
occurs  to  a  considerable  extent  in  preparing  nutrient  material  for 
absorption. 

Evidence  for  this  may  be  found  in  the  studies  by  Cole^  on  the  formation  of 
methemoglobin  by  the  pneimiococcus.  The  property  of  immune  serum  which 
enables  it  to  inhibit  the  metabolic  activities  of  bacteria  is  considered  to  act  at  the 
surface  of  the  bacterial  cell  and  to  be  antienzymotic  in  nature.  The  term  anti- 
blastic  immunity  has  been  applied  as  descriptive  of  the  phenomenon. 

Von  Dungern^  has  shown  that  the  liquefaction  of  gelatin  by  Staphylococcus 
pyogenes  aureus  is  inhibited  by  antistaphylococcus  immune  serum;  Gheorghiewsky^ 
showed  that  immune  serum  inhibits  pigment  formation  by  B.  pyocyaneus;  and 
Ascoli*  considered  that  the  action  of  antianthrax  serum  was  in  part  dependent 
upon  the  inhibition  of  capsule  formation  by  B.  anthracis  with  consequent  sup- 
pression of  the  metabolic  activities  of  the  organism.  More  recently  Dochez 
and  Avery^  have  shown  that  antipneumococcus  immune  serum  retards  the  growth 
of  the  pneumococcus  and  inhibits  or  markedly  delays  the  fermentation  of  inulin 
and  the  spUtting  of  protein  by  the  pneumococcus. 

*  This  work  was  done  under  the  tenure  of  a  William  0.  Moseley  Travelling 
Fellowship  from  Harvard  University. 

1  Cole,  R.,  /.  Exp.  Med.,  1914,  xx,  363. 

2  von  Dungem,  Centr.  Bakteriol.,  Ite  Abt.,  1898,  xxiv,  710. 
^  Gheorghiewsky,  Ann.  Inst.  Pasteur,  1899,  xiii,  298. 
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EXI'ERIMENTAL. 

The  majority  of  the  experiments  reported  below  deal  with  the 
antiblastic  properties  of  antipneumococcus  serum.  A  few  experi- 
ments have  been  done  with  antistaphylococcus  serum. 

Inhibition  of  the  Metabolic  Activities  of  the  Pneumococcus  by  Anti- 
pneumococcus Immune  Serum. 

Characteristic  metabolic  functions  of  the  pneumococcus  are  the 
fermentation  of  inulin  and  litmus  milk,  the  splitting  of  protein,  and 
the  transformation  of  oxyhemoglobin  to  methemoglobin.  The  in- 
fluence which  immune  serum  exerts  on  these  functions  of  the  pneu- 
mococcus has  been  studied.  The  experiments  of  Dochez  and  Avery 
have  been  repeated  and  extended  and  their  experimental  results 
confirmed  in  that  under  certain  conditions  antipneumococcus  serum 
has  been  found  to  possess  the  property  of  inhibiting  or  retarding  the 
metabolic  acti\dties  of  pneumococci.  The  conclusions  drawn  from 
our  experiments  as  to  the  mechanism  of  this  inhibitory  property  of 
antipneumococcus  serum,  however,  differ  from  those  of  Dochez  and 
Avery. 

Experiment  1.  Inhibition  of  the  Growth  of  the  Pneumococcus  by  Antipneumo- 
coccus Serum. — In  Table  I  is  shown  one  of  a  series  of  experiments  on  the  rate 
of  growth  of  the  pneumococcus  in  homologous  and  heterologous  antipneumococcus 
serum  and  in  normal  horse  serum.  The  amount  of  growth  was  determined  by 
the  plate  method. 

This  experiment  shows  that  an  apparent  inhibition  of  growth 
occurs  in  homologous  antipneumococcus  serum  as  compared  with 
that  in  normal  serum  during  a  period  of  3  hours,  that  a  retardation 
of  growth  occurs  up  to  6  hours,  but  that  by  24  hours  an  abundant 
growth  is  present  in  the  immune  serum  as  well  as  in  the  normal  serum. 
It  furthermore  appears  that  there  is  some  retardation  of  growth  of 
Type  I  pneumococcus  by  the  heterologous  immune  serum,  a  phe- 
nomenon which  does  not  occur  with  Type  II  pneumococcus.  These 
results  agree  with  those  of  Dochez  and  Avery.  It  is  felt,  however, 
that  the  interpretation  of  such  results  as  indicative  of  actual  retarda- 
tion of  growth  is  open  to  serious  objection.  It  is  clear  that  the  ap- 
parent inhibition  of  growth  by  homologous  serum  must  in  large  part 
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TABLE   I. 
Inhibition  of  the  Growth  of  the  Pneumococcus  by  Anlipneumococcus  Serum. 


Culture  0.00000001  cc. 

Serum  0.2  cc. 

No.  of  colonies. 

Imme- 
diately. 

After 
3  hrs. 

After 
6  hrs. 

After  24  hrs. 

Pneumococcus  T>-pe  I 

Anlipneumococcus      Se- 
rum Type   I 

61 

54 

80 

Confluent. 

t<                               <(         T 

Antipneumococcus      Se- 
rum Type  II 

50 

45 

12,000 

(< 

"         I 

Normal  horse  serum. 

37 

284 

22,000 

<( 

PneumococcusType  II 

Antipneumococcus    Se- 
rum Ty-pe  I 

31 

69 

6,200 

Confluent. 

U       JJ 

Antipneumococcus     Se- 
rum Type  II 

43 

42 

1,860 

(< 

"  II 

Normal  horse  serum. 

29 

59 

7,750 

<< 

be  due  to  agglutination.  Furthermore,  it  is  well  known  that  during 
the  first  hours  of  growth  of  the  pneumococcus  chain  formation  occurs 
to  a  considerable  extent.  This  is  a  variable  phenomenon  which  is 
difficult  to  control.  For  these  reasons  it  seems  hazardous  to  conclude 
from  the  experiments  that  immune  serum  actually  retards  the  growth 
of  the  pneumococcus  and  quite  as  probable  that  the  inhibition  indi- 
cated by  the  colony  counts  is  more  apparent  than  real. 

Experiment  2.  Inhibition  of  the  Fermentation  of  Inulin  and  Litmus  Milk  by 
Antipneumococcus  Serum. — The  power  of  antipneumococcus  serum  to  inhibit 
the  fermentation  of  inulin  and  litmus  milk  by  the  pneumococcus  has  been  tested 
in  a  considerable  series  of  experiments,  one  of  which  is  shown  in  Table  II. 

This  experiment  demonstrates  that  the  fermentation  of  litmus  milk 
by  the  pneumococcus  is  markedly  delayed  in  the  presence  of  the 
homologous  immune  serum.  The  fermentation  of  inulin  is  retarded 
by  antipneumococcus  serum  in  a  similar  manner.  In  the  tubes 
containing  the  homologous  immune  serum  the  organisms  grow  in 
agglutinated  masses  at  the  bottom  of  the  tube,  while  in  the  tubes 
containing  the  heterologous  or  normal  serum  they  grow  diffusely. 
To  demonstrate  clearly  inhibition  of  fermentation  it  was  found  neces- 
sary to  use  extremely  small  amounts  of  pneumococcus  culture  (not 
more  than  0.00001  cc.)  in  inoculating  the  media.     With  the  use  of 


566 


ANTIBLASTIC   IMMUNITY 


TABLE   II. 
Inhibition  of  the  Fermentation  of  Litmus  Milk  by  Antipneumococcus  Serum. 


Litmus  milk  4  cc.  + 

Incubation  at  37°C. 

Culture  0.000001  cc. 

Serum  1  cc. 

24 
hrs. 

48 
hrs. 

72 
hrs. 

S 
days. 

Pneumococcus  Type  I 
«     J 

«                                     «          T 

Antipneumococcus  Serum  Type    I 
"     II 
Normal  horse  serum. 

+  + 
+  + 

+  + 
+  + 

+  + 
+  + 

+ 
+  + 
+  + 

Pneumococcus  Tj^e  II 
"     II 
"    II 

Antipneumococcus  Serum  Type    I 
"      II 
Normal  horse  serum. 

+  + 

+  + 

+  + 

+ 

+  + 

+  + 
+  + 

+ 
+  + 

+  +  indicates  complete  acidification  and  coagulation;  ++,  acid  and  incomplete 
coagulation;  +,  acid  and  beginning  coagulation;  =*=,  acid  and  no  coagulation; 
i,  slight  acidification  and  no  coagulation;  — ,  no  acidification  or  coagulation. 

larger  amount's  retardation  of  fermentation  was  very  slight  or  did 
not  occur  at  all.  In  a  series  of  experiments  to  determine  the  maximum 
amount  of  culture  that  could  be  used  satisfactorily  in  demonstrating 
the  antiblastic  action  of  immune  serum  in  preventing  the  fermenta- 
tion of  inulin,  it  was  frequently  noted  that  in  the  immediate  vicinity 
of  the  agglutinated  pneumococci  at  the  bottom  of  the  culture  tube 
there  was  acidification  of  the  medium  indicated  by  change  of  the 
litmus  indicator  to  red,  while  the  upper  portion  of  the  medium  re- 
mained unchanged.  This  observation  suggested  the  possibility 
that  the  apparent  antiblastic  action  of  antipneumococcus  serum  was 
in  reahty  due  merely  to  agglutination  of  the  organisms  at  the  bottom 
of  the  culture  tube  and  their  consequent  inability  to  come  into  inti- 
mate contact  with  the  medium  as  a  whole,  this  not  being  the  case  in 
the  presence  of  heterologous  immune  or  normal  serum.  If  this  is  so, 
to  conclude  from  such  experiments  as  those  cited  above  that  immune 
serum  possesses  a  specific  antiblastic  action  would  hardly  be  justified. 
Further  experiments  on  this  point  are  given  below. 

Experiment  3.  Inhibition  of  Methcmoglobin  Formation  by  Antipneumococcus 
Serum. — The  transformation  of  oxyhemoglobin  to  methcmoglobin  is  a  char- 
acteristic metabolic  function  of  the  pneumococcus  which  lends  itself  readily  to 
in  vitro  experiments.  A  large  series  of  experiments  has  been  done  in  order  to 
determine   under   what    conditions   antipneumococcus   serum   will   inhibit    this 
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activity  of  the  pneumococcus.  In  general,  the  results  have  been  similar  to  those 
obtained  in  the  case  of  litmus  milk  and  inulin.  To  demonstrate  inhibition,  it 
was  found  essential  to  use  very  small  amounts  of  pneumococci  in  inoculating  the 
hemoglobin  solution-serum  mixtures  and  to  allow  the  cultures  to  incubate  24 
hours.  One  of  these  experiments  is  shown  in  Table  III,  which  demonstrates 
that  undei  these  conditions  homologous  antipneumococcus  serum  inhibits  the 
transformation  of  oxyhemoglobin  to  methemoglobin  by  the  pneumococcus. 
Heterologous  immune  serum  and  normal  horse  serum  possessed  no  inhibitory 
properties. 

TABLE  III. 

Inhibition  of  Methemoglobin  Formation  by  Antipneumococcus  Serum. 


Hemoglobin  solution*  1  cc.  -|- 

Methemoglobin 
formation. 

Culture  0.00001  cc. 

Serum  1  cc. 

After 
24  hrs. 

After 
48  hrs. 

Pneumococcus  T>'pe    I 

«                                      ((             T 
"            I 

Antipneumococcus  Serum  Type   I 

<(                                         «                 «           TT 

Normal  horse  serum. 

+  + 
+  + 

+  + 
+  + 

Pneumococcus  Type  II 

"     II 

"                 "    II 

Antipneumococcus  Serima  Type    I 

«                                              «                   «            TT 

Normal  horse  serum. 

+  + 
+  + 

+  + 

± 

+  + 

+  +  indicates  complete  transformation  of  oxyhemoglobin  to  methemoglobin; 
=t,  slight  methemoglobin  formation;  — ,  no  methemoglobin  formation. 

*  Hemoglobin  solution  =  2  cc.  of  a  5  per  cent  suspension  of  washed  rabbit 
corpuscles  +  8  cc.  of  distilled  water  +  30  cc.  of  0.85  per  cent  salt  solution. 


With  the  use  of  larger  amounts  of  culture  it  was  found  that  the 
formation  of  methemoglobin  was  not  inhibited  by  immune  serum, 
but  took  place  rapidly  in  the  immediate  vicinity  of  the  agglutinated 
pneumococci  and  gradually  diffused  upward  throughout  the  whole 
medium.  These  results,  as  in  the  case  of  inulin,  suggested  that  the 
apparent  inhibition  which  occurs  when  minute  amounts  of  culture 
are  used  is  due  to  inability  of  the  agglutinated  pneumococci  to  come 
into  intimate  contact  with  the  medium  as  a  whole. 

Experiment  4.  Ifihibition  of  the  Proteolytic  Functions  of  the  Pneumococcus  by 
Antipneumococcus  Serum. — The  growth  of  pneumococcus  in  a  serum  broth  medium 
is  attended  by  an  increase  in  the  amino-acid  content  of  the  medium.  Dochez 
and  Avery^  believe  it  probable  that  the  pneumococcus  effects  a  splitting  of  pro- 
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tein  before  absorption  and  that  the  increase  in  amino-acid  content  of  the  medium 
represents  the  excess  of  protein  split  over  that  used  up  in  the  process  of  growth. 
If  this  hypothesis  is  accepted,  the  increase  in  amino-acid  produced  by  the  growth 
of  the  pneumococcus  might  serve  as  a  measure  of  the  proteolytic  activity  of  the 
pneumococcus  in  a  given  culture,  the  amount  of  increase  being  directly  pro- 
portional to  the  total  amount  split.  The  possibility  should  be  pointed  out,  how- 
ever, that  the  amount  of  amino-acid  increase  might  be  inversely  proportional  to 
the  metabolic  activities  of  the  pneumococcus,  a  small  amino-acid  increase  indi- 
cating a  greater  utilization  of  the  total  amount  of  protein  split,  and  vice  versa. 

The  experiment  recorded  in  Table  IV  shows  the  increase  in  amino-acid  nitrogen 
when  the  pneumococcus  was  grown  in  broth  containing  antipneumococcus  serum 
as  compared  with  the  increase  in  the  presence  of  normal  horse  serum.  The 
increase  in  amino-acid  was  determined  by  the  method  of  Van  Slyke.^ 

TABLE   IV. 

Inhibition  of  the  Proteolytic  Activities  of  the  Pneumococcus  by  Antipneumococcus 

Serum. 


Broth  8  cc.  + 

Increase  in 
amino  nitrogen 

per  cc.  after 
48  hrs.  at  37°  C. 

Culture  0.000002  cc. 

Serum  2  cc. 

mg. 

Pneumococcus  Type  I 

Antipneumococcus  Serum  Type    I 

0.031 

«                                     <<         T 

(<                                          (<                 «           TT 

0.103 

«                                     «         T 

Normal  horse  serum. 

0.106 

If  the  increase  in  amino  nitrogen  content  of  the  medium  is  a  direct 
measure  of  the  proteolytic  activities  of  the  pneumococcus,  it  is  ap- 
parent that  the  homologous  antipneumococcus  serum  exerted  a 
marked  inhibitory  action  on  this  metabolic  function  of  the  pneu- 
mococcus. Since  the  pneumococcus  growth  in  the  tube  containing 
homologous  immune  serum  was  in  agglutinated  masses  at  the  bottom 
of  the  tube  in  contradistinction  to  the  diffuse  growth  in  the  other 
tubes,  it  seemed  possible  that  this  factor  might  be  responsible  for 
the  apparent  inhibition  of  proteolytic  activity  rather  than  any  true 
antienzymotic  property  of  the  serum.  A  further  experiment  to 
determine  the  influence  of  this  factor  is  presented  below. 

Experiment  5.  Antiblastic  Properties  of  Exhausted  Immune  Serum. — A  series 
of  experiments  was  done  to  determine  whether  immune  serum  exhausted  of  its 
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agglutinin  and  precipitin  content  by  repeated  exposure  to  killed  pneumococci 
still  retained  any  demonstrable  antiblastic  properties.  In  Table  V  is  shown  one 
of  these  experiments  from  which  it  will  be  seen  that  immune  serum  exhausted  of 
its  agglutinin  and  precipitin  content  possesses  no  power  to  inhibit  the  formation 
of  methemoglobin  by  the  pneumococcus.  Identical  results  have  been  obtained 
with  respect  to  the  fermentation  of  inulin  and  litmus  milk.  From  these  experi- 
ments it  is  evident  that  the  specific  antiblastic  action  of  immune  serum,  if  such 
exists,  is  removed  from  the  serum  at  the  same  time  that  the  agglutinins  and 
precipitins  are  removed  by  treatment  with  dead  pneumococci. 

TABLE   V. 
Antiblastic  Properties  of  Exhausted  Antipneumococcus  Serum. 


Hemoglobin  solution  1  cc.  + 

Methemoglobin 
formation. 

Culture  O.OOObl  cc. 

Serum  1  cc. 

After 
24  hrs. 

After 
48  hrs. 

Pneumococcus  Type  I 

«                                         «          T 

Antipneumococcus  Serum  Type  I 
Exhausted        "            "        "     I 

+  + 

+  + 

Pneumococcus  Type  II 

U        JJ 

Antipneumococcus  Serum  Type  II 
Exhausted        "            "        "     II 

+  + 

+  + 

Experiment  6.  Relation  of  Agglutinins  to  Antiblastic  Immunity. — From  the 
results  obtained  in  the  foregoing  experiments  the  suggestion  arose  that  the  ap- 
parent antiblastic  action  of  antipneumococcus  serum  was  in  some  way  closely 
related  to  agglutination  of  the  bacteria.  The  following  experiment  was  done  to 
determine  more  accurately  this  relationship.  Equal  parts  of  pneumococcus 
cultures  and  increasing  serum  dilutions  were  mixed  in  small  tubes  and  incubated 
for  2  hours  at  37°C.  1  cc.  of  hemoglobin  solution  was  then  carefully  added  to 
each  tube  so  as  not  to  disturb  the  agglutinated  pneumococci  and  the  tubes  were 
incubated  for  1  hour  at  37°C.    The  reeults  are  shown  in  Table  VI. 

This  experiment  shows  that  the  antiblastic  action  of  the  serum 
bears  a  definite  relationship  to  the  degree  of  agglutination  of  the 
pneumococci.  In  the  tube  containing  the  1 :  25  serum  dilution  ag- 
glutination was  complete,  the  pneumococci  having  entirely  settled 
to  the  bottom  of  the  tube,  and  complete  inhibition  of  methemoglobin 
formation  occurred.  With  increasing  dilutions  of  serum  agglutina- 
tion and  sedimentation  were  progressively  less  complete  and  formation 
of  methemoglobin  rapidly  took  place  in  the  immediate  neighborhood 
of  the  agglutinated  pneumococci,  the  upper  portion  of  the  medium 
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TABLE   VI. 

Relation  of  Antihlastic  Immimity  to  Agglutination, 


Culture  0.5  cc. 

Serum  0.5  cc. 

.2  " 

< 

Icc.  of  hem- 
oglobin 
solution 
added  to 
each  tube. 

Hi 

Pneumococcus  Type  I 

(t                                ((         T 

Antipneumococcus  Serum  Type 

1(1:25) 
Antipneumococcus  Serum  Tj-pe 

I  (1:50) 
Antipneumococcus  Serum  Type 

1(1:100) 
Antipneumococcus  Serum  Type 

1(1:200) 
Antipneumococcus  Serum  Tjqje 

1(1:400) 
Antipneumococcus  Serum  Type 

11(1:25) 
Normal  horse  serum  (1:  25) 

+  + 

±  + 
+ 

± 

— 

«                                 «         T 

++ 

«                                 ((         T 

++ 

«                                 «         T 
«                                 «         T 
«                                 U         T 

++ 

++ 

++ 
++ 

qq:  indicates  methemoglobin  formation  in  the  immediate  vicinity  of  the 
agglutinated  pneumococci,  the  upper  portion  of  the  medium  remaining  unchanged. 

from  which  the  bacteria  had  settled  out  remaining  unchanged.  This 
experiment  indicates  that  the  antihlastic  property  of  antipneu- 
mococcus serum  probably  depends  in  large  measure,  if  not  entirely, 
upon  its  abihty  to  agglutinate  the  pneumococci  and  thereby  prevent 
their  coming  into  intimate  contact  with  the  medium  as  a  whole. 

By  growing  pneumococci  in  a  serum-hemoglobin  solution  agar 
medium,  agglutination  of  the  pneumococci  may  be  prevented.  Under 
these  conditions  antipneumococcus  serum  was  found  not  to  inhibit 
methemoglobin  formation.  An  objection  may  be  raised  to  these 
experiments,  however,  because  it  is  not  certain  that  in  a  solid 
medium  the  immune  serum  is  in  sufficient  concentration  in  the  im- 
mediate vicinity  of  the  pneumococcus  colonies  to  exert  a  demon- 
strable antihlastic  action. 

Experiments  7  and  8.  Relation  oj  Antihlastic  Immunity  to  the  Ability  of  Bacteria 
to  Come  into  Intimate  Contact  with  the  Medium. — It  seemed  probable  from  many 
of  the  previous  experiments  that  the  antihlastic  action  of  antipneumococcus 
servun  was  due  to  inability  of  the  agglutinated  bacteria  to  come  into  sufl&ciently 
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intimate  contact  wth  the  medium  as  a  whole  to  enable  them  to  produce  the 
characteristic  changes  in  the  medium.  Under  these  conditions  the  metabolic 
activities  of  the  pqeumococci  could  exert  their  influence  only  in  the  immediate 
vicinity  of  the  agglutinated  bacteria  and  complete  change  of  the  medium  could 
take  place  only  as  gradual  diffusion  occurred.  This  is  exactly  what  did  occur 
when  moderately  large  amounts  of  pneumococci  were  used,  the  reaction  in  the 
presence  of  homologous  immune  serum  being  merely  retarded  rather  than  com- 
pletely inhibited.  When  minute  amounts  of  pneumococci  were  used  growth 
had  probably  ceased  before  diffusion  could  take  place  and  apparently  complete 
inhibition  resulted. 

In  order  to  obviate  this  difficulty,  two  sets  of  experiments  have  been  carried 
out.  The  first  consisted  in  running  a  parallel  series  of  tubes,  one  of  which  was 
shaken,  the  other  not.  The  second  group  of  experiments  consisted  in  a  parallel 
series  of  cultures,  one  in  test-tubes,  the  other  in  small  flasks  so  that  the  aggluti- 
nated bacteria  would  be  brought  into  much  more  intimate  contact  with  the  medium 
as  a  whole,  which  was  in  a  thin  layer  at  the  bottom  of  the  flasks,  than  could 
possibly  occur  in  test-tube  cultures.  The  effect  of  shaking  is  well  demonstrated 
in  the  experiment  shown  in  Table  VII. 


TABLE   VII. 

Effect  of  Shaking  on  the  Inhibition  of  Methemoglohin  Formation  by  AntipneumO' 

coccus  Serum. 


2  hrs.  at  37''C. 

1  cc.  of  hem- 
oglobin so- 
lution      in 
each  tube. 

Incubation  at  37°C. 

Culture  0.5  cc. 

Serum  0.5  cc. 

a 

'b 

o 
+  + 

a 

'a 

++ 

++ 

<^2 

Pneumococcus  Type  I 

«                                     «         T 

Antipneumo- 
coccus  Serum 
Type  I 
Antipneumo- 
coccus  Serum 
Tj-pe  I 

Unshaken. 
Shaken. 

++ 

Suitable  control  tubes  showed  that  normal  horse  serum  did  not 
inhibit  methemoglohin  formation  and  that  shaking  in  itself  did  not 
change  oxyhemoglobin  to  methemoglobin.  While  complete  inhibition 
of  methemoglobin  formation  took  place  in  the  unshaken  tube  in  the 
presence  of  homologous  antipneumococcus  serum,  in  the  tube  that 
was  shaken  so  that  the  agglutinated  clumps  of  bacteria  were  more 
or  less  broken  up  and  diffused  throughout  the  medium  no  inhibition 
occurred. 
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Further  experiments  illustrating  this  point  were  made  with  two 
strains  of  Streptococcus  viridans  which,  like  the  pneumococcus,  trans- 
forms oxyhemoglobin  to  methemoglobin.  Strain  1  normally  grew 
diffusely  in  serum-free  bouillon,  but  like  many  streptococci  grew  in 
granular  clumps  at  the  bottom  of  the  culture  tube  in  the  presence  of 
serum.  By  growing  this  streptococcus  in  tubes  containing  anti- 
pneumococcus  serum,  it  was  possible  to  inhibit  completely  for  24 
hours  the  formation  of  methemoglobin  as  shown  in  Table  VIII, 
demonstrable  methemoglobin  being  present  only  after  gradual 
diffusion  of  the  medium  took  place. 

TABLE    VIII. 

Inhibition  of  Methemoglobin  Formation  by  Streptococcus  viridans  by  Antipneumo- 

coccus  Serum. 


Hemoglobin  solution  1  cc.  + 

Methemoglobin 
formation. 

Character  of 
growth. 

Culture  0.00001  cc. 

Serum  1  cc. 

After 
24hrs. 

After 
48  hrs. 

Streptococcus  viridans  1 
«                «        2 

«                                 U                1 

Antipneumococcus         Serum 

Type  I 
Antipneumococcus        Serum 

Type  II 
Normal  horse  serum. 

Bouillon  1  cc. 

+  + 

-f- 

+ 

+  + 

+  + 

Sediment. 
« 

and      dif- 
fuse. 
Diffuse. 

This  inhibition  cannot  be  attributed  to  any  specific  immunity 
principle  in  the  serum  and  is  more  probably  brought  about  by  the 
growth  of  the  streptococci  at  the  bottom  of  the  culture  tube  and 
their  consequent  inability  to  act  on  the  medium  as  a  whole. 

Streptococcus  viridans  2  normally  grew  as  a  sediment  in  bouillon 
and  produced  methemoglobin  slowly  as  the  growth  gradually  ex- 
tended up  the  sides  of  the  tube  and  diffusion  of  the  medium  took 
place.  By  shaking  a  culture  of  Streptococcus  viridans  2  so  that  the 
organisms  were  in  continual  intimate  contact  with  the  whole  medium 
it  was  found  that  the  transformation  of  oxyhemoglobin  to  methemo- 
globin took  place  rapidly  and  was  complete  by  the  end  of  6  hours, 


FRANCIS   G.    BLAKE  573 

at  which  time  the  unshaken  control  tubes  failed  to  show  any  trace  of 
methemoglobin  (Table  IX) . 

TABLE   IX. 
Efect  of  Shaking  on  Methemoglobin  Formalion  by  Streptococcus  viridans. 


Materials  used. 


Streptococcus  viridans  2,  0.5  cc.  +  hemoglobin  solution  1  cc.  +bouilIon  1  cc. 

(shaken) •. 

Streptococcus  viridans  2, 0.5  cc.  +  hemoglobin  solution  1  cc.  +  bouillon  1  cc. 

(unshaken) 

Hemoglobin  solution  1  cc.  +  bouillon  1.5  cc.  (shaken) 

"       1   "    +         "        1.5  "    (unshaken) 


Methemoglobin 

formation  after 

incubation  at 

37°C 


3  hrs. 


6  hrs. 


+  + 


It  is  evident  from  this  experiment  that  the  rapid  formation  of 
methemoglobin  by  this  streptococcus  depended  upon  its  ability  to 
'  grow  in  intimate  contact  with  the  whole  medium. 

Comparison  of  the  inhibitory  power  of  immune  serum  in  parallel 
series  of  test-tube  cultures  and  flask  cultures  confirmed  the  results 
of  the  shaking  experiments.  It  was  found  that  while  marked  re- 
tardation of  metabolic  function  as  measured  by  the  change  in  the 
medium  occurred  in  the  test-tube  in  the  presence  of  homologous 
immune  serum,  no  inhibition  occurred  in  the  flask  cultures  in  which 
the  agglutinated  bacteria  were  able  to  come  into  intimate  contact 
with  the  medium  as  a  whole.  This  is  clearly  shown  in  the  experi- 
ments recorded  in  Table  X. 

From  these  experiments  it  is  evident  that  antipneumococcus  serum 
exerted  no  inhibitory  action  on  the  fermentation  of  litmus  milk  or 
on  the  splitting  of  protein  by  the  pneumococcus  when  the  organisms 
were  grown  in  flask  cultures,  in  striking  contrast  with  the  results  in 
the  test-tube  cultures.  Identical  results  were  obtained  with  respect 
to  the  fermentation  of  inulin. 

These  two  groups  of  experiments  seem  to  throw  considerable  doubt 
on  the  theory  that  antipneumococcus  serum  possesses  the  property 
of  inhibiting  the  metabolic  activities  of  the  pneumococcus  by  virtue 
of  a  specific  antiblastic  immunity  principle.     They  rather  indicate 
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TABLE   X. 


Relation  of  the  Inhibition  of  the  Metabolic  Activities  of  the  Pneumococcus  by  Anti- 
pneumococcus  Serum  to  the  Ability  of  the  Pneumococcus  to  Act  on  the  Medium 

as  a  Whole. 
Fermentation  of  Litmus  Milk. 


Litmus  milk  4  cc.  + 

Test-tube 
cultures. 

Flask  cultures. 

Culture  0.000001  cc. 

Serum  1  cc. 

Si2 

<5 

u   to 

Pneumococcus  Type  II 
«                 "    II 
"                 "    II 

Antipneumococcus         Serum 

Type  I 
Antipneumococcus        Serum 

Type  II 
Normal  horse  serum. 

++ 
++ 

++ 
+ 

++ 

+  + 

+  + 

+  + 
+  + 
+  + 

+  + 
+  + 
+  + 

+  + 
+  + 
+  + 

Digestion  of  Protein. 


Broth  8  cc.  + 

Increase  in  am- 
ino nitrogen  per 
cc.  after  48  firs, 
at  37°C. 

Culture  0.000002  cc. 

Serum  2  cc. 

Test- 

tubecul- 

tures. 

Flask 
cul- 
tures. 

Pneumococcus  Type  I 

«                                 «             T 
((                                 «             T 

Antipneumococcus  Serum  Ty^   I 

«                                 «                     «          TT 

Normal  horse  serum. 

mg. 

0.031 
0.103 
0.106 

mg. 

0.169 
0.120 
0.154 

that  the  inhibition  which  occurs  under  certain  experimental  con- 
ditions is  in  reahty  due  to  agglutination  of  the  pneumococci  by  the 
immune  serum  and  their  consequent  inability  to  come  into  intimate 
contact  with  the  medium  as  a  whole. 


Inhibition  of  the  Metabolic  Activities  of  Staphylococcus  pyogenes  aureus 
by  Antistaphylococcus  Serum. 

Characteristic  metabolic  functions  of  Staphylococcus  pyogenes 
aureus  are  the  liquefaction  of  gelatin,  the  formation  of  a  golden  pig- 
ment, and  the  transformation  of  oxyhemoglobin  to  a  magenta- 
colored  unstable  compound,  which  is  probably  reduced  hemoglobin. 
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A  limited  series  of  experiments  has  been  carried  out  to  determine  the 
ability  of  antistaphylococcus  serum  to  inhibit  or  retard  these  meta- 
bolic activities  of  Staphylococcus  pyogenes  aureus.  The  staphylo- 
coccus used  in  the  experiments  was  obtained  by  blood  culture  from 
a  case  of  staphylococcus  septicemia  and  an  autologous  immune 
serum  was  prepared  by  the  immunization  of  a  rabbit  with  this  staphy- 
lococcus. 

Experiment  9.  Inhibition  of  the  Liquefaction  of  Gelatin  by  Antistaphylo- 
coccus Scrum. — The  liquefaction  of  gelatin  is  a  characteristic  metabolic  function 
of  Staphylococcus  pyogenes  aureus.  In  a  series  of  experiments  to  determine 
the  inhibitory  action  exerted  by  antistaphylococcus  serum  on  this  activity  of 
the  staphylococcus  it  was  found  that  complete  inhibition  occurred.  One  of 
these  experiments  is  shown  in  Table  XI.  Incubation  of  the  culture  tubes  was 
carried  out  at  20°C.  so  that  no  agglutination  of  the  staphylococci  would  occur. 
It  should  be  noted  that  in  the  tube  containing  antistaphylococcus  serum  there 
was  no  apparent  inhibition  of  growth  of  the  staphylococci  as  compared  with 
that  in  the  control  tube.  In  other  words,  although  the  liquefaction  of  gelatin 
was  completely  inhibited,  the  immune  serum  exerted  no  apparent  antagonistic 
action  towards  those  metabolic  activities  of  the  staphylococcus  which  are  essen- 
tial to  its  growth  and  multiplication. 

TABLE  XI. 
Inhibition  of  the  Liquefaction  of  Gelatin  by  Antistaphylococcus  Serum. 


Gelatin  4  cc.  + 

Liquefaction  of 

gelatin 

after  incubation 

at   20  °C. 

Culture  0.000001  cc. 

Serum  1  cc. 

3 
days. 

+  + 

6 

daj's. 

+  + 

9 

days. 

Staphylococcus  pyogenes  aureus. 

«                            «                 u 

Antistaphylococcus  serum. 
Normal  rabbit  serum. 

+  + 

Experiment  10.  Inhibition  of  Pigment  Formation  by  Antistaphylococcus  Serum. — 
When  staphylococci  were  grown  on  the  surface  of  serum  agar  slants  and  in  serum 
agar  shake  cultures,  it  was  found  that  antistaphylococcus  serum  exerted  no 
inhibitory  eflfect  on  pigment  formation  by  the  organisms.  It  was  felt  that  under 
these  conditions  the  serum  might  not  be  in  sufficient  concentration  in  the  immedi- 
ate vicinity  of  the  staphylococcus  colonies  to  exhibit  any  demonstrable  anti- 
blastic  action.  In  order  to  obviate  this  objection  as  far  as  possible,  serum  agar 
plates  were  prepared  (serum  1  part  to  plain  agar  4  parts)  and  a  thin  layer  of  serum 
was  spread  over  the  surface  of  the  agar  which  was  then  streaked  with  a  loop  of 
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staphylococcus  culture.  The  plates  were  sealed  to  prevent  evaporation  of  the 
serum  as  far  as  possible  and  incubated  at  room  temperature.  Under  these  con- 
ditions the  growing  staphylococcus  colonies  were  in  intimate  contact  with  the 
serum.  It  was  found  that  antistaphylococcus  serum  definitely  retarded  the 
formation  of  pigment  by  Staphylococcus  pyogenes  aureus  (Table  XII),  although 
it  exerted  no  apparent  inhibitory  action  on  the  rate  of  growth  of  the  bacteria,  as 
compared  with  the  growth  in  the  presence  of  normal  serum. 

TABLE   XII. 

Inhibition  of  Pigment  Formation  by  Antistaphylococcus  Serum. 


Materials  used. 

Pigment  formation. 

After 
24  hrs. 

After 
36  hrs. 

After 
48  hrs. 

Antistaphylococcus     serum     agar    +    Staphylococcus    pyogenes 
aureus 

± 

+ 

=fc 

Normal  serum  agar  +  Staphylococcus  pyogenes  aureus 

+  + 

This  inhibition  of  pigment  formation  by  antistaphylococcus  serum 
must  be  attributed  to  some  definite  antagonistic  property  of  the  serum 
toward  this  function  of  the  staphylococcus.  It  should  not  be  con- 
cluded, however,  from  this  inhibitory  phenomenon  that  the  antag- 
onistic action  of  the  serum  is  definitely  antienzymotic  in  nature, 
for  it  is  not  definitely  known  that  pigment  formation  by  Staphy- 
lococcus pyogenes  aureus  is  caused  by  enzyme  action.  Certainly  the 
formation  of  pigment  is  not  essential  to  the  life  and  growth  of  the 
staphylococcus,  for  it  does  not  occur  during  the  early  stages  of  growth 
and  appears  only  after  the  staphylococcus  colonies  are  well  developed 
and  multiplication  probably  has  in  large  measure  ceased.  Further 
experiments  are  necessary  to  establish  the  exact  nature  of  this  in- 
hibitory action  of  antistaphylococcus  serum. 

Experiment  11.  Inhibition  of  the  Reduction  of  Oxyhetnoglobin  by  Antistaphylo- 
coccus Serum. — To  determine  the  inhibitory  effect  of  antistaphylococcus  serum 
on  the  reduction  of  oxyhemoglobin  by  Staphylococcus  Pyogenes  aureus,  two  series 
of  experiments  were  made,  one  with  the  use  of  a  5  per  cent  suspension  of  washed 
rabbit  corpuscles,  the  other  with  a  solution  of  hemoglobin  prepared  from  rabbit 
corpuscles  as  in  the  pneumococcus  experiments.  A  typical  experiment  is  shown 
in  Table  XIII. 
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TABLE   XUI. 

hihibition  of  the  Reduction  of  Oxyhemoglobin  by  Antistaphylococcus  Serum. 


Suspension  of  rabbit  corpuscles  1  cc.  + 

Reduction  of 
oxyhemoglobin 
after  incubation 

at  ire. 

Culture  0.000001  cc. 

Serum  0.5  cc. 

24  hrs. 

48  hrs. 

Staphylococats  pyogenes  aureus. 

Antistaphylococcus  serum. 

Normal  rabbit               " 
((            (<                  It 

+  + 
+  + 

+  + 
+  + 

Hemoglobin  solution  1  cc.  + 

Reduction  of 

oxyhemoglobin 

after  incubation 

atST'C. 

Culture  0.000001  cc. 

Serum  0.5  cc. 

24  hrs. 

48  hrs. 

Staphylococcus  pyogenes  aurms. 

.\ntistaphylococcus  serum. 

Normal  rabbit               " 
«            «                  « 

+  + 

+  + 

It  was  found  that  the  reduction  of  oxyhemoglobin  was  not  inhibited 
by  antistaphylococcus  serum  when  rabbit  corpuscles  were  used,  but 
that  inhibition  occurred  when  a  hemoglobin  solution  was  substituted 
for  the  corpuscle  suspension.  This  difiference  is  readily  explained  on 
the  basis  of  the  results  obtained  in  the  pneumococcus  experiments. 
In  the  tubes  containing  rabbit  corpuscles  the  blood  cells  rapidly 
settled  to  the  bottom  of  the  tube  where  they  were  in  intimate  contact 
with  the  agglutinated  staphylococci,  and  were  therefore  in  a  position 
to  be  acted  upon  by  the  organisms.  In  the  tubes  containing  hemo- 
globin solution,  however,  the  agglutinated  staphylococci  were  not  in 
intimate  contact  with  the  hemoglobin  held  in  solution  throughout 
the  medium  and  consequently  were  unable  to  act  upon  it  within  the 
time  limits  of  the  experiment.  When  the  agglutinated  clumps  of 
staphylococci  were  broken  up  and  dispersed  throughout  the  medium 
by  shaking,  the  hemoglobin  solution  was  rapidly  reduced.  From 
these  experiments  it  is  evident  that  antistaphylococcus  serum  pos- 
sesses no  specific  antiblastic  property  which  enables  it  to  inhibit  the 
reduction  of  oxyhemoglobin  by  Staphylococcus  pyogenes  aureus. 
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DISCUSSION. 

The  series  of  experiments  reported  in  this  paper  were  undertaken 
in  an  attempt  to  explain  the  mechanism  by  which  immune  serum  is 
able  to  retard  or  inhibit  the  metabolic  activities  of  bacteria.  This 
property  of  immune  serum  has  been  attributed  by  previous  investi- 
gators to  an  antienzymotic  or  antiblastic  action  of  the  serum  which 
exerts  itself  at  the  point  of  contact  of  the  bacterial  cell  with  its  environ- 
ment. While  it  has  been  clearly  demonstrated  in  confirmation  of  the 
work  of  other  observers  that  under  certain  experimental  conditions 
immune  serum  does  exert  an  apparent  inhibitory  action  on  the  nu- 
tritional and  certain  other  metabohc  processes  of  bacteria,  the  facts 
brought  out  as  the  experiments  progressed  have  made  it  seem  prob- 
able that  the  inhibitory  action  exerted  by  antipneumococcus  serum 
is  not  due  to  a  specific  antienzymotic  or  antiblastic  property  of  the 
serum,  but  rather  to  its  agglutinating  properties.  It  is  well  recog- 
nized that  many  bacteria  grow  readily  in  homologous  immune  serum, 
provided  the  serum  does  not  possess  definite  bactericidal  properties, 
a  fact  which  in  itself  would  tend  to  throw  some  doubt  on  thevaUdity 
of  the  antiblastic  theory  as  applicable  to  all  immune  sera,  since 
metabolic  activity  is  considered  to  be  essential  to  bacterial  nutrition 
and  growth.  Bacteria  when  cultivated  in  media  containing  immune 
serum  grow  in  agglutinated  clumps  at  the  bottom  of  the  culture  tube. 
Under  these  conditions  they  do  not  come  into  intimate  contact  with 
the  whole  medium  and  are  unable  to  bring  about  changes  rapidly 
throughout  the  medium.  Presumably  the  metabolic  activities  which 
bacteria  carry  on  in  the  process  of  growth  exert  their  influence  on  the 
medium  only  in  the  immediate  vicinity  of  the  agglutinated  organisms 
during  the  early  stages  of  growth,  and  only  as  gradual  difi^usion  of  the 
medium  takes  place  are  the  bacteria  able  to  act  upon  the  whole  me- 
dium in  sufficient  degree  to  bring  about  those  changes  which  indicate 
that  bacterial  metabolism  is  taking  place.  That  these  considerations 
hold  with  respect  to  the  influence  exerted  by  antipneumococcus  serum 
on  the  metabolic  activities  of  the  pneumococcus  has  been  demon- 
strated in  the  experiments  reported  above,  in  which  it  has  been  shown 
that  the  metabolic  activities  of  the  pneumococcus  do  take  place  in 
the  immediate  vicinity  of  the  agglutinated  bacteria  in  spite  of  the 


FRANCIS   G.   BLAKE  579 

presence  of  immune  serum;  that  the  degree  of  apparent  inliibition 
which  antipneumococcus  serum  exerts  upon  the  metabolic  activities 
of  the  pneumococcus  depends  upon  the  extent  of  agglutination  of  the 
organisms;  that  antipneumococcus  serum  exhausted  of  its  agglutinin 
content  possesses  no  antiblastic  properties;  that  antipneumococcus 
serum  possesses  the  property  of  apparently  inhibiting  the  metabolic 
acti\'ities  of  entirely  unrelated  bacteria  provided  those  bacteria 
grow  in  sedimented  clumps  in  the  presence  of  the  serum;  and  that 
when  pneumococci  are  grown  in  the  presence  of  antipneumococcus 
serum  under  conditions  that  enable  them  to  come  into  intimate  con- 
tact with  the  whole  medium,  no  inhibition  of  metabolic  activity 
takes  place. 

A  Hmited  number  of  experiments  with  antistaphylococcus  serum 
has  confirmed  the  results  obtained  with  antipneumococcus  serum 
in  as  far  as  the  inhibitory  effect  of  the  serum  on  the  reduction  of 
oxyhemoglobin  by  the  staphylococcus  is  concerned.  On  the  other 
hand,  antistaphylococcus  senrni  has  been  found  to  inhibit  or  markedly 
retard  the  formation  of  pigment  and  the  Hquefaction  of  gelatin  by 
Staphylococcus  pyogenes  aureus.  Under  the  conditions  of  the  experi- 
ments agglutination  of  the  bacteria  did  not  occur  and  therefore  could 
not  have  been  a  factor  in  causing  the  inhibition.  It  is  to  be  noted 
that  neither  pigment  formation  nor  the  hquefaction  of  gelatin  is  an 
essential  process  in  the  nutrition  of  the  staphylococcus  and  that  these 
phenomena  take  place  in  demonstrable  amount  only  after  the  staphy- 
lococcus colonies  have  become  well  developed.  It  is  felt  that  further 
experimental  work  is  necessary  to  determine  the  exact  mechanism 
of  the  inhibitory  action  of  antistaphylococcus  serum  on  these  functions 
of  the  staphylococcus  before  the  conclusion  can  be  safely  drawn  that 
it  is  of  an  antienz^onotic  nature.  The  outstanding  fact  that  staphy- 
lococci as  well  as  pneumococci  grow  rapidly  and  abundantly  in  the 
homologous  immune  serum  is  sufficient  in  itself  to  indicate  that  the 
immune  serum  possesses  no  properties  in  demonstrable  amount 
antagonistic  to  those  bacterial  metabolic  activities  essential  to  the 
growth  and  multiplication  of  the  bacteria. 
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CONCLUSIONS. 


Antipneumococcus  serum  under  certain  conditions  apparently 
inhibits  or  retards  the  metabolic  activities  of  the  homologous  pneu- 
mococcus. 

Antipneumococcus  serum  exhausted  of  its  agglutinin  content 
possesses  no  inhibitory  properties. 

The  degree  of  inhibitory  action  of  antipneumococcus  serum  parallels 
its  agglutinating  power. 

No  evidence  has  been  found  to  indicate  that  the  inhibition  of  the 
metabolic  activities  of  the  pneumococcus  by  antipneumococcus  serum 
is  due  to  a  specific  antienzymotic  property  of  the  serum. 

The  evidence  which  has  been  obtained  indicates  that  the  apparent 
inhibition  of  metabolic  activity  that  occurs  under  certain  conditions 
is  due  to  agglutination  of  the  pneumococci  by  the  antipneumococcus 
serum  and  their  consequent  inability  to  grow  in  intimate  contact 
with  the  whole  medium. 

Antistaphylococcus  serum  inhibits  the  liquefaction  of  gelatin  and 
the  formation  of  pigment  by  Staphylococcus  pyogenes  aureus.  Further 
experimentation  is  necessary  to  determine  the  mechanism  of  this 
inhibitory  action. 

Antistaphylococcus  serum  does  not  inhibit  those  metaboHc  activi- 
ties "of  Staphylococcus  pyogenes  aureus  essential  to  the  growth  and 
multiplication  of  the  organisms. 


FURTHER  STUDIES   IN  EXPERIMENTAL  ATHERO- 
SCLEROSIS. 

By  I.  ABLER,  M.D. 

{From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York.) 

Plates  40  to  43. 

(Received  for  publication,  May  18,  1917.) 

Several  years  ago,  the  writer^  reported  some  experiments  on  dogs  as  a  contri- 
bution to  the  study  of  experimental  atherosclerosis.  Since  that  preliminary 
report,  the  experiments  have  been  continued  and  though  much  of  these  very 
elusive  problems  is  still  far  from  being  clear,  it  is  thought  best  to  report  some  of 
the  results  of  further  study.  It  may  be  well  to  summarize  briefly  the  contents 
of  the  article  just  referred  to.  Infectious  disease  has  frequently  been  insisted 
upon  as  an  important  etiological  factor  in  atherosclerosis.  In  order  to  test  this, 
dogs  were  infected  with  pure  cultures  of  various  nathogenic  bacteria  and  also  with 
bacterial  toxins,  by  means  of  injections  into  the  jugular  vein.  The  animals 
were  kept  in  a  state  of  mild  chronic  sepsis  for  periods  ranging  from  4  to  7  months. 
The  results,  as  far  as  the  blood  vessels  were  concerned,  were  entirely  negative. 
Lead  and  nicotine  also  gave  negative  results.  General  overexertion  maintained 
for  long  periods  by  means  of  a  treadmill,  both  with  and  without  the  hyper- 
tension produced  by  the  injection  of  large  doses  of  adrenalin,  also  proved  without 
effect.  The  parenteral  methods  were  then  abandoned  and  feeding  experiments 
were  taken  up.  Some  attempts  were  made  with  cottonseed-oil,  which,  how- 
ever, proved  too  toxic.  Then  two  dogs  were  fed  daily  with  pure  cholesterol 
in  half -gram  doses  enclosed  in  capsules.  These  two  dogs  died  after  1^  and  2\ 
months  respectively.  In  the  former  publication  positive  results  are  claimed  for 
these  two  experiments,  because  a  number  of  whitish  yellowish  streaks,  very 
slightly  raised  above  the  level  of  the  intima,  was  found  in  the  aortas.  In  the 
light  of  later  experience  these  can  no  longer  be  considered  as  positive  results. 
The  doses  of  cholesterol  were  too  small,  dogs  eliminate  cholesterol  more  rapidly 
and  completely  than  rabbits,  and  under  these  conditions  1§  and  2|  months 
would  appear  altogether  too  short  a  time  for  the  development  of  so  insidious  and 
chronic  a  lesion  as  atherosclerosis.  Moreover,  experience  has  shown  that  these 
insignificant  ridges  and  patches  are  found  fairly  regularly  in  the  aorta  of  young 

^  Adler,  I.,  Studies  in  experimental  atherosclerosis.  A  preliminary  report, 
/.  Exp.  Med.,  1914,  xx,  93. 

581 


582  EXPERIMENTAL  ATHEROSCLEROSIS 

and  healthy  individuals  both  canine  and  human.  There  will  be  occasion  to  speak 
of  this  more  in  detail  presently.  It  is  not  necessary  to  recount  here  all  the  vari- 
eties of  experimentation  that  were  attempted.  It  is  important  howevet  to  men- 
tion two  dogs  that  received,  besides  their  usual  food  of  bread  and  meat,  dilute 
hydrochloric  acid  up  to  sixty  drops  daily  for  2  months  and  3  months  respec- 
tively. Both  these  dogs  showed  very  definite  and  unmistakable  arteriosclerotic 
patches  in  various  portions  of  the  aorta  and  in  the  one  case,  especially  well  marked 
in  the  lowest  portion  of  the  abdominal  aorta.  There  were  no  traces  of  ulceration 
or  calcification.  Microscopically  these  patches  showed  the  typical  picture  of 
arteriosclerosis,  the  details  of  which  need  not  be  gone  into,  except  to  mention  the 
fact  that  cholesterol,  in  its  free  state,  was  abundantly  present.  That  these  find- 
ings could  not  be  accepted  unhesitatingly  as  proving  hydrochloric  acid  to  be  an 
important  factor  in  the  etiology  of  arteriosclerosis  is  obvious.  Two  experiments 
are  altogether  insufi'icient  to  clinch  so  important  a  conclusion.  The  time  during 
which  the  hydrochloric  acid  feeding  was  continued  was  too  short,  and  more  im- 
portant than  everything  else,  the  age  of  the  animals  could  not  be  ascertained  and 
both  dogs  were  in  all  probability  rather  old.  It  is  easily  possible,  therefore,  that 
the  lesions  found  were  not  due  to  experimentation  but  were  spontaneous,  for  it 
can  no  longer  be  doubted,  though  it  is  perhaps  not  generally  recognized,  that 
arteriosclerosis,  closely  analogous  to  the  human,  occurs  spontaneously  in  old  and 
debilitated  dogs.  It  was  necessary  therefore  to  continue  these  acid  experiments 
on  a  little  broader  basis.  • 

The  writer  is  still  of  the  opinion  that  if  it  be  possible  to  produce 
atherosclerosis,  analogous  to,  or  identical  with  the  human  type, 
experimentally  and  with  reasonable  certainty,  the  methods  employed 
should  give  positive  results  not  only  in  rabbits,  but  with  a  fair  con- 
stancy in  all  animals  that  are  subject  to  spontaneous  or  typical  senile 
atherosclerosis.  Unfortunately  animal  pathology  has  been  more  or 
less  neglected  in  this  respect,  and  it  is  possible  that  when  more  is 
known  of  vascular  disease  in  the  animal  kingdom,  more  favorable 
subjects  for  the  experimental  study  of  atherosclerosis  will  be  found. 
Until  then,  however,  dogs  would  seem  sufi&ciently  well  adapted  for 
this  class  of  experiments.  They  are  omnivorous  as  the  human; 
the  structure  of  their  blood  vessels,  especially  of  the  aorta,  differs  not 
so  very  greatly  from  the  structure  of  human  arteries;  and  while  they 
are  subject  to  pronounced  senile  atherosclerosis,  the  lesions  are  not 
obscured  and  rendered  uncertain  by  such  forms  of  median  necrosis 
as  occur  spontaneously  in  so  large  a  percentage  of  rabbits.  It  is  the 
writer's   firm   conviction,    therefore,    that   the   following   conditions 
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should  be  fulfilled  before  it  can  be  justly  claimed  that  a  genuine 
atherosclerosis  has  been  artificially  produced  by  experiment.  (1) 
The  gross  lesions  must  be  closely  analogous,  if  not  quite  identical  in 
every  microscopic  detail  with  the  human  arteriosclerosis.  (2)  These 
positive  results  must  be  so  constant  and  regular  that  it  is  reasonably 
to  be  expected  that  every  experiment  will  give  a  positive  result,  with 
perhaps  only  an  occasional  failure  under  exceptional  conditions. 
Definite  conclusions  from  apparently  positive  findings  in  only  one 
or  two  animals  are  not  permissible.  The  number  of  positive  results 
must  be  sufficiently  large,  though  an  exception  here  and  there  may 
occur.  In  man  also  there  occur  instances,  from  the  celebrated  case 
of  Harvey's  down  to  modern  times,  where  persons  can  live  even  to 
extreme  old  age,  apparently  immune  to  arteriosclerosis,  their  ar- 
teries remaining  soft  and  elastic  up  to  their  death.  (3)  In  order  to 
avoid  the  probability  of  the  lesions  being  due  to  spontaneous  degen- 
eration, the  experiments  should  all  be  done  on  young  animals.  It 
might  be  objected  to  this  that  the  youthful  organism  is  perhaps  pos- 
sessed of  powers  of  resistance  and  repair  which  are  materially  dimin- 
ished or  lost  in  older  individuals  and  that  therefore  experiments  on 
very  young  animals  would  not  be  Kkely  to  give  positive  results  by 
the  method  in  question  even  if  they  fulfilled  all  conditions  on  older 
individuals.  In  answer  to  this  it  may  be  said  that  since  it  has  of  late 
years  been  positively  demonstrated  that  very  young  human  indi- 
viduals, even  babies,  are  subject  to  unmistakable  arteriosclerotic 
lesions  under  certain  conditions,  it  seems  more  than  probable  that 
the  same  is  true  of  dogs. 

It  was  now  necessary  to  test  the  action  of  acids  to  better  advan- 
tage. The  acids  employed  were:  (1)  hydrochloric  acid,  to  verify 
if  possible  the  apparently  positive  result  that  had  been  obtained  in 
the  two  former  experiments;  (2)  lactic  acid,  because  O.  Loeb-  had 
claimed  positive  results  with  this  acid  and  had  developed  a  plausible 
theory  concerning  the  mechanism  of  its  action;  (3)  acetic  acid,  se- 
lected because  of  its  occasional  occurrence  in  certain  types  of  diges- 
tive disturbance.     Other  acids,  as  for  instance  butyric,  might  logi- 

^Loeb,  O.,  Ueber  Arteriosklerose.  II.  Ueber  experiment elle  Artherien- 
veranderungen  mit  besonderer  Beriicksichtigung  der  Wirkung  der  Milchsaiire 
auf  Grund  eigener  Versuche,  Deuisch.  mcd.  Woch.,  1913,  xxxix,  1819. 
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cally  and  profitably  have  also  been  tested,  but  for  various  reasons 
this  could  not  very  conveniently  be  done. 

Hydrochloric  Acid. 

The  series  includes  three  dogs.  All  of  them  are  young.  Two  were 
males,  one  female.  In  every  case  the  ordinary  chemically  pure 
hydrochloric  acid* (specific  weight  not  determined)  was  used.  The 
initial  dose  was  ten  drops  mixed  with  the  food  of  the  animal  and  in- 
creased by  five  drops  every  3rd  day.  In  every  instance  it  took  some 
time  until  the  animals  became  accustomed  to  this  unusual  admixture 
to  their  diet.  They  would  leave  portions  of  their  food,  and  at  times 
would  not  eat  at  all;  sometimes  the  dose  of  acid  would  have  to  be  dimin- 
ished; at  other  times  the  administration  of  the  acid  would  have  to 
be  stopped  altogether  for  a  few  days.  But  after  a  longer  or  shorter 
period  the  animals  became  thoroughly  habituated  to  the  acid  and 
ate  with  great  appetite,  while  the  doses  of  acid  were  steadily  increased. 
This  is  true,  it  should  be  said,  not  only  of  the  hydrochloric  acid  series 
but  of  the  two  other  acids  as  well.  In  the  hydrochloric  set  there  was 
one  experiment  (No.  1)  that  was  disappointing. 

Experiment  1. — Brown  dog,  male;  weight  8,500  gm.  Dec.  5,  1914.  Com- 
menced with  10  drops  increased  by  5  drops  every  3rd  day.  Eats  well  until  Dec. 
28  by  which  time  the  dose  reached  65  drops.  Now  begins  to  leave  some  food  and 
to  lose  weight.  Dec.  30.  Weight,  7,600  gm.  After  a  few  days  of  70  drops,  dog 
is  kept  at  60  from  Jan.  1,  1915,  to  Feb.  10.  During  all  this  time,  eats  well  but 
loses  weight  steadily.  70  drops  up  to  Feb.  16.  Refuses  food  entirely  for  2 
days.  Feb.  18.  Died.  Weight  at  death  5,500  gm.  Experiment  had  lasted  only 
about  2|  months  during  which  time  the  dog  took  about  250  cc.  of  hydrochloric 
acid. 

Besides  the  usual  small  punched  out  erosions  in  the  stomach  and  the  upper 
intestine  and  a  great  number  of  round  worms,  there  are  no  definite  lesions  appar- 
ent, except  general  atrophy  and  marasmus. 

Experiment  2. — Young  brindle  bull,  female;  weight  9,500  gm.  Dec.  1,  1914. 
Commenced  with  10  drops  as  usual.  After  a  few  days,  weight  begins  to  decrease. 
Acid  has  to  be  stopped,  then  again  resumed;  sometimes  the  dog  eats  well, at  other 
times  leaves  great  portions  of  food.  Weight  increases  slightly,  then  is  again 
diminished,  the  lowest  weight  being  6,800  gm.  on  Mar.  22,  1915.  Appetite, 
however,  is  excellent  and  80  drops  of  acid  are  given  daily.  From  now  on  the  dose 
of  acid  is  increased  by  10  drops  about  every  2  weeks.    Weight  increases  steadily; 
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the  animal  is  in  excellent  condition.  Aug.  25.  The  dog  gives  birth  to  six  healthy 
pups.  From  July  6  to  Oct.  19,  when  the  animal  was  killed,  140  drops  were 
taken  daily.  Duration  of  the  experiment  10  months,  19  days;  total  amount  of 
hydrochloric  acid  consumed  somewhat  over  2,000  cc. 

The  autopsy  shows  a  very  slight  hyperemia  in  scattered  areas  through  the  gas- 
trointestinal tract.     Otherwise  there  is  nothing  abnormal. 

Experiment  3. — Black  and  white  dog,  male;  weight  8,700  gm.  Feb.  19,  1915. 
Dog  started  at  once  at  40  drops  but  though  it  does  not  eat  well  and  is  losing 
weight,  the  dose  is  steadily  increased;  weight  varies.  Though  there  are  times 
when  it  absolutely  refuses  to  eat,  the  dose  is  still  increased  and  the  dog  begins  to 
gain  steadily  in  weight.  Oct.  15.  Killed;  weight  9,700  gm.  From  July  30  to 
Oct.  15  the  dog  had  taken  140  drops  daily,  ate  all  the  food,  and  seemed  in  ex- 
cellent health.  The  experiment  lasted  about  8  months,  during  which  time  the  dog 
had  consumed  a  little  more  than  1,600  cc. 

The  autopsy  shows  besides  the  usual  intestinal  parasites,  fairly  normal  con- 
ditions. There  is  not  even  any  very  extensive  hyperemia  in  the  stomach  and 
intestines. 

Lactic  Acid. 

On  the  whole  it  seems  that  the  animals  did  not  take  to  lactic  acid 
quite  so  easily  as  they  did  to  hydrochloric. 

Experiment  4. — Young  fox-terrier,  female;  weight  6,000  gm.  Dec.  1,  1914. 
Commenced  with  10  drops  daily;  after  a  week  20  drops  were  given,  and  animal 
refused  food,  and  weight  decreased  very  rapidly.  Dec.  10.  The  lactic  acid  is 
stopped  altogether.  Feb.  16,  1915.  Weight  is  about  4,800  gm.  The  animal  is 
kept  on  normal  food  without  any  acid  until  June  4.  On  that  day  having  been 
eating  well  and  being  in  good  condition,  lactic  acid  is  given  again  with  an  initial 
dose  of  90  drops.  From  now  on  appetite  is  excellent  and  increase  in  weight 
steady.  The  dosage  of  lactic  acid  is  rapidly  increased  and  from  Sept.  19  until 
Oct.  14,  when  the  dog  is  killed,  140  drops  are  taken  daily.  Weight  at  death 
11,606  gm.  The  dog  was  under  observation  for  10 J  months,  but  the  lactic  acid 
experiment,  counting  from  June  4,  1915,  lasted  a  little  over  4  months  in  which 
somewhat  more  than  1,000  cc.  were  administered. 

The  autopsy  shows  some  patchy  hyperemia  in  the  gastrointestinal  tract,  other- 
wise no  organic  lesions.  No  definite  macroscopic  signs  of  arteriosclerosis,  al- 
though the  yellowish  ridges  and  patches  in  the  arch  and  in  the  descending  aorta 
are  a  little  more  pronounced  than  usual. 

Experiment  5. — Bull-terrier,  male;  weight  13,000  gm.  Dec.  1,  1915.  Similar 
history.  Eats  well  for  several  weeks,  though  weight  decreases.  Leaves  large 
portion  of  food  for  about  a  week  then  begins  to  eat  well  again.  Weight  and 
ppetite  vary.  Sometimes  the  dose  of  lactic  acid  had  to  be  diminished;  some 
ames  stopped  altogether  for  a  day  or  two.  The  dose  had  been  increased  to 
ti 
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1 75  drops,  then  it  had  to  be  diminished  again  to80.  Feb.  24, 1916.  Lowest  weight 
reached  10,300  gm.  From  now  on  dog  increases  steadily  in  weight  and  eats  every- 
thing. Oct.  8.  Killed.  From  June  14  to  Oct.  8,  200  drops  of  lactic  acid  taken 
daily.  The  experiment  lasted  about  10  months,  the  total  amount  of  lactic  acid 
being  approximately  3,000  cc. 

At  the  autopsy  no  gross  lesions  of  any  kind  are  found. 

Experiment  6. — Brown  and  white  cur,  female;  weight  10,700  gm.  Dec.  29, 
1914.  History  similar  to  the  foregoing.  It  took  until  about  Feb.  24,  1915,  for 
the  animal  to  become  accustomed  to  the  lactic  acid.  On  that  day  the  minimum 
weight  of  6,500  gm.  was  reached,  but  from  now  on  the  dog  showed  excellent 
appetite,  ate  everything  it  could  get,  steadily  increasing  in  weight.  Oct.  13. 
Killed.  From  June  4  to  Oct.  13,  160  drops  were  taken  daily,  and  the  weight  at 
death  was  12,700  gm.  The  experiment  lasted  about  9|  months.  Total  amount 
of  lactic  acid  consumed  somewhat  over  2,000  cc.  The  dog  had  given  birth  to 
a  litter  of  pups  2  days  before  death. 

The  autopsy  shows  no  gross  lesions. 

Acetic  Acid. 

Again  the  history  is  about  the  same  as  in  the  foregoing  tw^o  series. 
50  per  cent  glacial  acetic  acid,  chemically  pure,  was  used. 

Experiment  7.— Brindle  bull,  male;  weight  8,100  gm.  Dec.  29,  1914.  There 
are  the  usual  variations  in  weight  up  to  a  certain  lower  limit.  The  dosage  of 
acid  is  increased  or  diminished  according  to  the  amount  of  food  the  animal  takes. 
It  takes  till  about  Mar.  9, 1915,  for  the  dog  to  become  fully  accustomed  to  the  acid. 
From  now  on  its  appetite  is  excellent,  health  good,  and  weight  steadily  increas- 
ing. Oct.  7.  Killed.  From  June  14  to  Oct.  7  the  daily  dose  was  150  drops. 
Weight  on  day  of  death  12,000  gm.  Experiment  lasted  9  months  and  10  days. 
Total  quantity  of  glacial  acetic  acid  consumed  approximately  2,000  cc. 

The  autopsy  shows  no  gross  lesions. 

Experiment  8. — Coach  dog,  male;  weight  9,700  gm.  Dec.  1,  1914.  There 
are  similar  variations  in  weight  and  in  dosage.  It  takes  till  Feb.  23,  1915,  for 
the  dog  to  become  accustomed  to  the  acid.  From  then  on,  dose  of  acid  is 
steadily  increased,  and  the  weight  increases  though  there  are  occasional  bloody 
stools.  June  1.  Killed  in  a  fight.  Weight  at  death  10,200  gm.  From  Apr.  25 
to  date  of  death  150  drops  of  acid  were  taken  daily  with  excellent  appetite.  Ex- 
periment lasted  6  months.  Total  amount  of  glacial  acetic  acid  approximately 
somewhat  over  1,000  cc. 

The  autopsy  shows  no  gross  lesions. 

It  is  not  necessary  to  give  any  details  of  the  microscopic  examina- 
tions.    No  lesion  was  discovered  which  could  be  interpreted  as  anal- 
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ogous  to  arteriosclerosis.  The  positive  findings  in  the  two  dogs  re- 
ported by  the  writer  several  years  ago  were,  therefore,  evidently  not 
due  to  the  hydrochloric  acid,  but  were  spontaneous  and  probably 
of  the  senile  type.  Loeb's  claims  of  positive  results  with  lactic  acid 
are  also  not  convincing.  The  one  dog  8  years  old,  Loeb  himself  dis- 
regards on  account  of  his  age.  In  the  other  dog,  only  1|  years  old, 
he  regards  as  arteriosclerotic  various  small  ridges  and  patches  in 
the  intima  of  the  aorta.  He  gives  no  microscopic  details  and  it  is 
therefore  not  at  all  unlikely  that  these  patches  and  ridges  were  no 
more  significant  than  those  found  so  frequently  in  the  aorta  of  normal 
dogs,  both  young  and  old.  It  can  therefore  be  safely  asserted  that 
the  feeding  of  dogs  with  large  quantities  of  various  acids  for  a  com- 
paratively long  period,  though  the  cause  of  weeks  of  severe  indigestion 
and  marasmus,  has  not  resulted  in  any  lesions  comparable  to  arterio- 
sclerosis. 

As  cholesterol  still  appears  to  occupy  the  most  prominent  place 
in  studies  on  arteriosclerosis,  it  was  resolved  to  revert  once  more  to 
experiments  with  that  substance.  Meanwhile  a  paper  by  Klotz^ 
had  appeared  reporting  the  effects  of  injections  into  the  ear  vein  of 
rabbits  of  cholesterol  dissolved  in  pure  oils  or  as  a  soap  emulsion. 
It  was  decided  therefore  to  try  somewhat  similar  experiments  on  dogs. 

Some  attempts  were  made  to  develop  a  technique  by  means  of 
which  cholesterol  was  to  be  injected  directly  into  the  heart  or  into 
the  aorta.  The  only  result  of  these  tentative  experiments  was  the 
production  of  some  cases  of  hemorrhagic  and  exudative  pericarditis. 
It  was  then  decided  to  inject  cholesterol  through  the  jugular  veins. 
This  series  includes  four  dogs.  All  four  were  young  animals,  prob- 
ably barely  a  year  old.  The  cholesterol  was  obtained  from  gall 
stones  and  thoroughly  purified;  it  was  dissolved  in  sesame  oil  which 
was  cheap  and  practically  non-toxic.  Its  phytosterol  content,  being 
as  in  all  similar  oils  less  than  1  per  cent,  could,  in  the  small  quanti- 
ties used  in  each  injection,  be  considered  negligible.  It  was  found 
that  0.2  cholesterol  in  about  8  cc.  of  sesame  oil  at  body  temperature 
gave  a  perfectly  clear  solution.     This  solution  was  employed  exclu- 

^  Klotz,  0.,  Vascular  changes  following  intravenous  injections  of  fat  and  cho- 
lesterin,  /.  Med.  Research,  1915-16,  xxxiii,  157. 
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sively.  Any  attempt  to  increase  the  quantity  of  oil  or  use  a  higher 
concentration  of  cholesterol  gave  rise  to  more  or  less  grave  disturb- 
ances, as  for  instance,  acute  pulmonary  edema  and  rapid  death  of 
the  animal.  For  the  first  few  injections,  ether  was  given  and  a  very 
small  incision  into  the  skin  was  made  and  the  jugular  laid  bare.  It 
soon  became  evident,  however,  that  the  incision  was  not  necessary 
and  that  the  vein  could  be  reached  with  certainty,  after  a  little  prac- 
tice, through  the  intact  skin.  Two  injections  a  week  were  given 
regularly  and  without  any  exception  for  a  period  of  between  8  and  9 
months.  The  total  amount  of  cholesterol  consumed  by  each  animal 
during  that  period  was  about  11  gm.  No  deleterious  effect  of  the 
injection  was  noticed  at  any  time.  To  observe  whether  a  permanent 
rise  in  blood  pressure  had  any  effect  upon  the  result  of  the  injections, 
in  two  of  the  dogs,  before  any  injections  were  made,  the  abdominal 
aorta  was  tied  by  the  Halsted''  method.  A  flap  of  the  fascia  lata  was 
taken,  with  which  the  aorta  was  tied  somewhat  below  the  right  renal 
artery.  The  ligature  was  tightened  so  that  pulsation  in  the  femoral 
artery  could  just  be  felt.  In  both  cases  the  operations  were  unevent- 
ful and  the  wounds  healed  without  any  difficulty.^  As  the  autopsies 
later  on  showed,  permanent  stricture  of  the  aorta  was  accomplished  by 
this  operation.  This  must  necessarily  have  affected  not  only  the 
pressure  in  the  aortic  system,  but  also,  indirectly  at  least,  in  the  pul- 
monary circulation  into  which  the  cholesterol  was  primarily  discharged. 
The  further  history  of  these  four  dogs  is  uneventful.  During  the 
very  hot  and  humid  summer  of  1916,  the  animals  suffered  from  the 
mange,  but  with  the  coming  of  cool  weather  and  with  the  necessary 
dermatological  attention,  they  recovered  fairly  well,  and  were  in  good 
condition  when  they  were  killed.  One  dog  did  not  recover  its  health 
entirely  after  the  mange  was  cured,  but  continued  losing  weight.  The 
injections  were,  however,  continued  regularly.  On  November  16  the 
dog  was  killed.  At  the  autopsy  it  was  found  that  the  entire  in- 
testinal tract,  including  stomach   and   colon,   showed   hemorrhagic 

*  Halsted,  W.  S.,  Partial  occlusions  of  the  thoracic  and  abdominal  aortas  by 
bands  of  fresh  aorta  and  of  fascia  lata,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1912-13,  x, 
113. 

^  The  operations  were  performed  by  Dr.  M.  J.  Sittenfield,  to  whom  I  am 
indebted  for  his  valuable  assistance. 
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swellings  with  partial  destruction  of  the  muscularis.  The  contents  of 
the  intestines  were  bloody  and  the  mucosa  itself  was  in  many  places 
hemorrhagic.  There  were  numerous  ulcers,  some  of  them  extending 
down  to  the  serosa.  Great  numbers  of  Ascaris  mystax  were  present. 
In  all  four  dogs  the  lungs  at  autopsy  were  found  much  firmer  than 
normal  and  not  completely  collapsed.  There  were  also  present  small 
wedge-shaped  hemorrhagic  infarctions,  and  patches  of  brown  pigmen- 
tation evidently  due  to  old  hemorrhages.  The  Kver,  kidneys,  and 
pancreas  appeared  normal.  The  adrenals  were  not  enlarged  and 
showed  no  gross  lesions.  The  spleen  in  nearly  every  case  was  some- 
what enlarged  and  showed  very  large  prominent  follicles.  In  one  case 
there  was  some  softening  of  the  pulp,  probably  due  to  hemorrhage. 
In  one  of  the  dogs,  in  which  the  aorta  had  been  tied,  a  definite,  fairly 
close  stricture  of  the  vessel  was  seen  surrounded  by  an  area  of  thicken- 
ing, but  there  was  no  noticeable  dilatation  proximal  to  the  obstruc- 
tion. In  the  other  operated  dog,  there  was  also  an  area  of  thicken- 
ing about  the  place  of  ligature,  but  the  aorta  appeared  of  practically 
uniform  caliber,  possibly  very  shghtly  constricted  at  the  place  where 
the  Ugature  had  been  applied.  No  gross  lesion  could  be  recognized 
in  any  of  the  jugulars  and  the  microscopic  examination  also  showed 
perfectly  normal  conditions,  with  only  here  and  there  a  small  droplet 
of  fat  in  the  adventitia.  Neither  the  frequent  passage  of  oil  and  cho- 
lesterol through  the  vein  nor  its  puncture  several  hundred  times  by  a 
rather  large  needle  seems  to  have  had  an  injurious  effect  upon  the  deli- 
cate vessel.  No  trace  of  inflammation  or  degeneration  could  be  seen. 
The  heart  muscle  in  every  instance  was  flabby  and  was  found  in 
diastolic  dilatation.  There  was  no  hypertrophy  of  the  right  ventricle. 
The  animals  were  killed  by  the  injection  of  chloroform  into  the  jug- 
ular vein,  and  to  this  the  flabby  and  dilated  condition  of  the  heart 
muscle  may  be  ascribed.  The  aortas  showed  some  ridges  and  patches 
and  wrinklings  here  and  there,  more  frequently  around  the  orifices 
of  branching  vessels.  These  irregularities  in  the  intima  of  the  aorta 
are  usually  scarcely  ^dsible  to  the  naked  eye,  especially  in  the  fresh 
object,  unless  one  has  become  familiar  with  them  and  searches  for 
them  carefully.  After  the  artery  has  been  kept  in  formahn  for  some 
time,  they  become  a  little  more  distinct.  Besides  these,  however, 
more  extensive  sclerotic  thickenings  were  plainly  visible.     This  was 
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especially  the  case  in  one  aorta  (Fig.  1)  in  which,  in  the  sinus  Val- 
salvae behind  the  semilunar  valves,  these  sclerotic  areas  protruded 
more  distinctly.  In  the  bulb  of  this  aorta  also  and  near  the  orifices 
of  the  branching  intercostal  arteries  a  number  of  ridges  was  noticed 
which  tended  to  confirm  the  impression  of  incipient  sclerosis. 

The  oil  and  cholesterol  injected  into  the  jugular  is  of  course  carried 
through  the  upper  cava  and  the  right  auricle  into  the  right  ventricle, 
and  from  there  through  the  pulmonary  artery  into  the  lungs.  It 
might  be  confidently  expected,  therefore,  that  if  any  changes  in  the 
arteries  are  to  result  from  this  procedure,  they  would  show  primarily 
in  the  pulmonalis,  rather  than  in  the  aorta,  for  the  first  powerful 
impact  of  the  blood  laden  with  cholesterol  is  directed  against  the  for- 
mer. This  expectation  was  completely  verified.  In  all  four  dogs 
very  definite  changes,  producing  the  distinct  impression  of  arterio- 
sclerotic thickening  and  loss  of  elasticity,  appeared  in  the  pulmonalis 
(Fig.  2).  There  were  no  signs  of  ulceration  or  calcification  nor  was 
there  any  appreciable  dilatation.  These  departures  from  the  normal 
were  principally  of  the  nodular  type,  protruding  more  or  less  promi- 
nently into  the  lumen  of  the  vessel.  They  commenced  immediately 
behind  the  valvular  cusps,  showed  the  faint  whitish  yellowish  tint 
common  to  all  sclerotic  lesions  of  the  intima,and  extended,  more  or  less, 
further  up  into  the  vessel.  These  nodulations  were  most  pronounced 
in  the  two  dogs  in  which  the  aorta  had  been  tied.  In  the  other  two 
dogs  the  lesions,  though  quite  definite  and  plain,  were  much  less  in  ex- 
tent and  prominence.  It  is  not  possible  to  say  whether  this  is  merely 
coincidental,  or  whether  the  increased  blood  pressure  is  responsible. 
The  most  marked  sclerotic  changes  were  found  in  the  dog  whose  aorta 
showed  comparatively  sHght  obstruction.  While  the  gross  lesions 
of  the  main  trunk  of  the  pulmonary  artery  closely  resembled  ordi- 
nary intimal  arteriosclerosis  before  the  development  of  atheroma 
has  begun,  the  microscopic  examination  revealed  a  condition  entirely 
unexpected,  and  in  many  ways  rather  surprising.  Hypertrophy  of 
the  intima  with  proliferation  of  the  endothelium,  new  formation  of 
connective  tissue,  and  the  splitting  of  the  elastica  interna  as  described 
by  Jores  was  distinctly  in  evidence.  This  hypertrophy  of  the  intima 
however  was  comparatively  hmited  and  not  commensurate  with  the 
amount  ,of  thickening.     In  many  places  there  was  hardly  any  prolif- 
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eration  of  the  intima  or  it  was  entirely  absent.  The  most  pronounced 
and  constant  and  evidently  primary  lesions  were  found  in  the  media, 
and  especially  in  its  innermost  portions  adjoining  the  elastica  interna. 
Within  this  region  there  had  taken  place  much  damage  to  the  elastic 
tissue.  Ever3rwhere  the  breaking  up  of  elastic  fibers  into  larger 
and  smaller  pieces  and  into  granules  (Kdrnchenzerfall)  could  be  seen. 
Very  often  it  appeared  as  if  the  elastic  fibers,  especially  the  larger 
ones,  had  suddenly  snapped  and  the  ends  could  be  seen  some  distance 
apart  coiled  like  the  lash  of  a  whip.  Another  lesion,  evidently  sec- 
ondary to  this  forcible  disruption  of  the  elastic  tissue,  was  the  sepa- 
ration of  the  muscular  elements  into  bundles  of  varying  dimensions 
and  at  varying  angles,  which  were  so  pushed  aside  as  to  leave  wider 
or  narrower  gaps  between  them.  There  seems  to  be  no  doubt  that 
this  disorganization  of  the  elements  of  the  media  was  largely  re- 
sponsible for  the  prominent  areas  of  apparent  thickening,  and  that 
the  proliferation  of  the  intima  took  only  a  minor  and  secondary 
part  in  the  process  (Fig.  3).  These  comparatively  wide  gaps  be- 
tween the  dislocated  groups  of  muscle  cells  usually  contained  rem- 
nants of  broken  up  elastic  fibers,  but  otherwise  appeared  empty 
(Fig.  4).  That  they  were  not  empty  could  be  surmised  from  the 
compactness  and  solidity  of  the  nodules.  Edema  could  be  positively 
excluded;  staining  for  fibrin  or  mucin  gave  no  results,  but  with  cer- 
tain stains,  as  for  example  alum-carmine,  the  faintest  possible  tinge 
could  be  obtained,  sometimes  showing  sHght  inequalities  and  sug- 
gesting some  very  delicate  coagulated  material.  It  is  probable  that 
these  wide  areas  contain,  as  Ribbert®  suggested,  coagulated  blood 
plasma.  He  finds  these  gaps,  however,  only  in  the  intima,  where  he 
believes  they  are  the  effect  of  excessively  high  blood  pressure.  He 
attributes  the  deposit  of  cholesterol  to  this  also.  No  sign  of  necrosis 
could  be  detected  and  there  was  nothing  to  suggest  the  median 
necrosis  as  seen  in  rabbits  or  in  human  arteries.  The  muscle  cells, 
although  detached  from  their  normal  position  were  in  perfect  condi- 
tion, and  the  elastic  fibers  though  shattered  and  disorganized  retained 
their    normal    staining    properties.     There    were    no    inflammatory 

®  Ribbert,  H.,  tjber  die  Genese  der  arteriosklerotischen  Veranderungen  der 
Intima,  Verhandl.  deutsch.  path.  Ges.,  1905,  viii,  168. 
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s}Tnptoms  and  the  vasa  vasorum  were  normal.  It  seemed  clear  that 
the  entire  process  was  purely  mechanical.  The  sclerotic  areas  in  the 
aorta  showed  the  same  median  disorganization  even  more  strictly- 
confined  to  the  media,  for  the  intima  was  mostly  not  affected,  but 
normal. 

The  lungs  presented  a  very  constant  and  characteristic  micro- 
scopic picture.  Even  a  superficial  examination  showed  that  the  bulk 
of  the  oil  and  its  cholesterol  content  was  filtered  out  through 
these  organs.  The  sudanophil  masses  were  deposited  almost  ex- 
clusively in  the  interalveolar  septi,  and  there  mainly  in  the  capil- 
laries. The  latter  were  much  distended  and  filled  to  bursting  with 
oil.  Very  frequently  the  distended  capillaries  were  surrounded  by 
an  infiltration  of  leukocytes,  both  processes  together  causing  a  con- 
siderable thickening  of  the  septi  with  very  marked  encroachment 
upon  the  alveolar  air  spaces.  The  alveoli  themselves  were  practi- 
cally free  from  oil.  Here  and  there  an  overdistended  capillary  would 
burst  and  a  few  drops  of  oil  be  left  in  the  alveoH.  Dispersed  through- 
out the  lung  there  were  clear  indications  of  hemorrhages.  Numer- 
ous red  blood  corpuscles  were  found  in  the  air  spaces  and  in  the  septi, 
and  hemorrhagic  infarctions  were  also  irregularly  scattered  throughout 
the  lungs,  especially  near  the  margins.  Notwithstanding  all  this  the 
pulmonary  apparatus  seemed  quite  adequate  to  combat  the  enor- 
mous overburdening  caused  by  the  oil  injections.  CHnically  there 
were  no  symptoms  of  respiratory  disturbance  and  this  could  be  ac- 
counted for  by  the  fact  that  though  the  pulmonary  circulation  was 
heavily  overtaxed,  nevertheless  capillaries  and  alveoh  always  re- 
mained unaffected  in  sufficient  numbers  to  ensure  the  necessary 
aeration  of  the  blood.  There  is,  moreover,  good  reason  to  beheve 
that  the  oil  was  very  rapidly  discharged  from  the  lung.  If  the  dog 
was  killed  within  24  hours  of  an  oil  injection  the  lungs  were  found 
overcrowded  with  sudanophil  masses,  while  if  2  or  3  days  had  elapsed 
between  the  injection  and  the  killing,  comparatively  little  sudan- 
ophil material  remained,  and  the  lungs  presented  an  appearance 
more  nearly  approaching  the  normal.  It  appears  that  there  is 
a  marked  difference  between  the  reaction  to  cholesterol  in  oil  as 
shown  in  the  lungs  of  the  dog  and  that  described  by  Klotz'  in  the 
lungs  of  the  rabbit.     A  very  careful  study  of  a  large  number  of  sec- 
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tions  of  the  lungs  of  all  the  dogs  and  from  all  parts  of  the  lung  failed 
to  show  any  crystals  or  any  doubly  refracting  substances.  Phago- 
cytes with  granular  fatty  inclusions  were  scattered  throughout  the 
lungs,  mostly  in  the  septi,  occasionally  in  the  alveoli.  Extensive 
areas  of  the  lung  however  appeared  free  from  phagocytes.  On  the 
other  hand,  it  is  the  writer's  impression  that  in  certain  locaHties, 
often  near  the  margins,  or  where  the  pulmonary  tissues  had  become 
more  or  less  indurated  by  hemorrhagic  infarctions  and  the  subsequent 
reactive  processes,  and  where  accordingly  the  circulation  was  mate- 
rially interfered  with  and  the  blood  vessels  were  presumably  no  longer 
able  to  carry  off  the  fatty  material  with  sufficient  dispatch,  the  phago- 
cytes accumulated  in  considerable  numbers,  presumably  to  replace 
or  rather  materially  to  aid  the  work  of  the  blood  vessels.  In  such 
spots  large  phagocytic  cells  filled  with  granular  sudanophil  material 
are  heaped  in  close  proximity.  Frequently  several  of  these  cells 
merge  into  one  large  giant  cell,  the  several  nuclei  being  distributed 
irregularly,  some  in  the  center  and  others  pushed  aside  towards  the 
circumference.  Many  large  cells  filled  with  granules  of  brown  or 
blackish  pigment  and  resembling  very  closely  the  Herzfehlerzellen 
are  also  found  in  these  indurated  areas. 

The  blood  vessels  in  the  dog's  lung  also  showed  somewhat  different 
reactions  from  those  described  by  Klotz  for  the  rabbit.  The  pul- 
monary veins  as  well  as  the  bronchial  arteries  appeared  to  be  nor- 
mal. The  capillaries  also,  notwithstanding  the  tremendous  strain 
to  which  they  were  subjected  by  the  overcrowding  with  oil,  did  not 
show  structural  lesions.  The  smaller  and  smallest  branches  of  the 
pulmonary  artery  were  also  without  exception  normal.  It  was  only 
in  the  right  and  left  main  branches  of  the  pulmonary  trunk  and  their 
subdivisions  of  the  second  and  third  order  that  definite  structural 
changes  in  the  vascular  walls  were  found.  It  was  impossible  to  de- 
cide whether  there  was  any  dilatation  of  these  larger  vessels  as  there 
were  no  normal  measurements  available  that  might  have  served  as 
a  standard,  but  the  general  impression  was  that  if  any  dilatation  had 
actually  taken  place,  it  could  not  be  very  serious.  Several  small 
globular  nodules  were  found  in  the  two  main  branches,  though  they 
were  not  so  large  or  so  extensive  as  those  described  in  the  main 
trunk.     The  microscope  showed  that  these  httle  globules  were  the 
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result  of  a  very  marked  and  peculiar  hyperplasia  of  the  media.  The 
elastic  lamellae  and  the  muscle  fibers  were  not  arranged  in  the  usual 
s>Tnmetrical  layers  but  formed  more  or  less  regular  concentric  circles 
or  in  other  places  abutted  upon  each  other  at  various  angles,  thus 
producing  upon  the  whole  the  impression  of  a  whorl  of  tissue.  Within 
these  pecuUar  nodulations  some  of  the  elastic  fibers  had  also  given 
way  and  snapped  asunder  and  here  also  spaces  apparently  filled  with 
plasma  and  containing  remnants  of  broken  elastic  tissue  occurred. 
The  dislocation  and  forcing  apart  of  the  elements  of  the  media,  and 
the  destruction  of  elastic  tissue  are,  however,  minimal  when  compared 
with  the  same  processes  as  seen  in  the  main  trunk.  Another  pecu- 
liarity of  this  strange  form  of  nodulation  is,  that  it  is  practically  im- 
possible to  decide  where  the  media  ends  or  the  intima  begins.  No 
elastica  interna  is  visible,  and  the  innermost  layers  of  the  vessel 
consist  of  fibrous  and  muscular  tissue  all  included  in  a  fine  network 
of  delicate  elastic  fibers  forming  irregular  meshes,  and  the  whole 
is  lined  with  moderately  proliferating  endothelium.  Rather  small 
phagocytes  are  occasionally,  but  on  the  whole  rarely  to  be  found, 
as  also  very  minute  sudanophil  droplets  between  the  cells.  Very 
definite  and  typical  hyperplasia  of  the  intima,  independent  of  those 
hypertrophic  median  nodules,  is  also  found  in  the  two  main  branches, 
but  especially  in  some  of  the  larger  arteries  well  within  the  lungs 
(Fig.  5).  Here  there  is  comparatively  little  change  in  the  condition 
of  the  media  although  very  small  spaces  filled  with  plasma  and  con- 
taining fragments  of  elastic  fibers  are  sometimes  seen  just  below  the 
elastica  interna.  These  thickenings  of  the  intima,  though  they  dis- 
tort the  lumen  of  the  vessel  but  slightly,  agree  accurately  with  the 
description  given  by  Jores.''  There  is  the  splitting  of  the  elastica 
interna,  the  new  formation  of  fibrous  and  muscle  cells,  and  some 
prohferation  of  the  endothehum,  but  there  is  this  difference,  that 
there  is  no  pronounced  fat  phanerosis  or  fatty  degeneration.  It 
is  true  that  some  fat  phagocytes  and  minute  fatty  droplets  are  found 
in  the  intima  and  even  sometimes  in  the  inner  layers  of  the  media, 
but  they  are  few  in  number  and  not  constant  in  occurrence  or  regular 
in  distribution. 

^  Jores,  L.,  Wesen  und  Entwickelung  der  Arteriosklerose,  Wiesbaden,  1903. 
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It  is  obvious,  therefore,  that  though  the  pulmonary  circulation  was 
for  many  months  overcrowded  with  cholesterol  in  oil;  though  there 
must  have  existed  a  certain  amount  of  hypercholesteremia,  as  shown 
by  the  excess  of  sudanophil  bodies  appearing  throughout  the  heart 
muscle,  the  hver,  spleen,  kidneys,  and  adrenals;  and  though  the 
pressure  within  the  pulmonary,  and  also,  though  perhaps  to  a  lesser 
degree  in  the  aortic  system,  must  have  been  very  great;  the  cholesterol 
evidently  took  no  essential  part  in  the  processes  that  led  to  such 
profound  changes  in  the  structure  of  the  arterial  walls. 

What  relations  if  any,  do  these  findings  bear  to  human  athero- 
sclerosis? It  is  now  very  generally  believed  that  the  latter  is  an  af- 
fection primarily  of  the  intima,  essentially  degenerative  in  character, 
and  that  cholesterol  and  its  esters  are  very  important  factors  in  this 
process.  The  results  of  the  present  experiments  on  the  other  hand  are 
apparently  in  direct  opposition  to  this  theory.  Though  to  the 
naked  eye  the  nodules  protruding  into  the  lumen  of  the  vessels,  and 
also  the  occasional  diffuse  thickening  of  the  vascular  walls,  closely 
resemble  arteriosclerosis  at  a  stage  in  which  ulceration  and  calcifica- 
tion have  not  as  yet  begun,  the  real  localization  of  the  lesion  is  found 
to  be  mainly  in  the  media.  The  structural  disruptions  and  disloca- 
tions appear  to  be  the  result  of  the  action  of  mechanical  forces  rather 
than  of  chemical  degenerative  reactions.  The  hypertrophy  or  hyper- 
plasia of  the  intima  is  ob\dously  merely  secondary  to  the  lesions  in 
the  media  and  lastly  it  would  appear  that  cholesterol  does  not  count 
as  a  factor  in  the  process.  Notwithstanding  these  seemingly  impor- 
tant differences,  the  present  writer  is  nevertheless  of  the  opinion  that 
a  very  close  analogy,  if  not  identity,  exists  between  human  athero- 
sclerosis of  the  pulmonary  blood  vessels  and  the  lesions  produced 
experimentally  in  our  dogs.  Our  knowledge  of  human  atheroscle- 
rosis is  as  yet  far  from  complete.  The  controversy  between  those 
who  assume  a  mechanical  disturbance  as  primarily  the  cause  of  ar- 
teriosclerosis, those  on  the  other  hand  who  are  more  inclined  to  make 
toxic  and  other  chemical  influences  responsible,  and  those  who, 
pursuing  a  middle  course,  seek  to  explain  the  sclerotic  phenomena 
by  combining  in  various  ways  the  extreme  views  of  both  sides,  is  still 
unsettled.  Aside  from  the  problems  of  atherosclerosis  in  general, 
however,  what  is  known  of  sclerosis  of  the  pulmonary  system  must 
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be  taken  specially  into  account.  It  is  not  many  years  ago  that  it 
was  supposed  that  sclerosis  of  the  pulmonary  artery,  if  it  occurred 
at  all,  was  extremely  rare.  Bichat^  seeks  to  show  that  vessels  carry- 
ing venous  blood  seldom  if  ever  show  traces  of  sclerosis  and  hence, 
according  to  him,  the  pulmonary  artery,  in  which  only  venous  blood 
circulates,  is  practically  exempt.  During  the  last  12  to  15  years  the 
subject  has  been  more  intensely  studied.  A  very  complete  review  of 
the  hterature  on  this  subject  has  been  given  by  Posselt,^  and  more 
recently  by  Ljungdahl.'^ 

It  is  fairly  certain  now  that  pulmonary  sclerosis  is  found  quite  frequently  if 
it  is  only  carefully  looked  for.  Genuine  senile  sclerosis  of  the  pulmonary  artery 
seems  to  be  quite  rare,  but  according  to  Ljungdahl,  contrary  to  the  view  of  many 
authors,  it  does  occur,  but  mainly  in  association  with  special  complications, 
pulmonary  emphysema  for  instance,  that  tend  to  raise  the  pressure  within  the 
artery  considerably.  Fischer^^  found  in  several  cases  of  advanced  atherosclerosis 
of  the  aorta  and  peripheral  arteries,  that  the  pulmonary  arteries  were  healthy, 
but  in  these  cases  the  lungs  were  free  from  emphysema  or  other  chronic  lesions 
and  there  was  no  hypertrophy  of  the  right  heart.  Posselt  finds  that  sclerosis  of 
the  pulmonary  artery  seems  to  affect  youthful  persons  more  readily  than  is  the 
rule  in  sclerosis  of  the  aortic  vessels.  According  to  this  author  97  out  of  187 
cases  were  found  in  individuals  under  40,  125  in  subjects  under  50,  and  only  60 
in  persons  above  50  years  of  age.  All  authors,  however,  seem  agreed  that  hyper- 
tension within  the  pulmonary  circulation  is  a  main  factor  in  the  etiology  of  sclerosis 
of  the  pulmonary  artery,  which  is  generally  looked  upon  as  an  AbniUzimgskrank- 
heit  as  defined  by  Marchand.^^  The  fact  frequently  observed  that  the  artery  re- 
mains intact,  though  the  blood  pressure  is  steadily  much  above  normal,  strongly 
suggests  that  hypertension  is  not  the  only  factor,  but  that  other  etiological  ele- 
ments, such  as  local  or  functional  variations,  toxic  or  other  influences  as  yet  im- 
known,  are  also  involved.  For  the  pulmonary  artery  too,  the  dogma  that  the  in- 
tima  is  the  primary  scat  of  the  pathological  changes  is  very  generally  accepted. 

*  Bichat,  quoted  by  Briining,  H.,  Untersuchungen  iiber  das  Vorkommen  der 
Angiosklerose  im  Lungenkreislauf,  Beitr.  path.  Anat.  u.  allg.  Path.,  1901,  xxx,  457. 

^  Posselt,  A.,  Die  Erkrankungen  der  Lungenschlagader,  Ergehn.  allg.  Path.  u. 
path.  Anat.,  Ite  Abt.,  1909,  xiii,  298. 

'"Ljungdahl,  M.,  Untersuchungen  iiber  die  Arteriosklerose  des  kleinen  Kreis- 
laufs,  Wiesbaden,  1915. 

"  Fischer,  W.,  tlber  die  Sklerose  der  Lungenartcricn  und  ihre  Entstehung, 
Deutsch.  Arch.  klin.  Med.,  1909,  xcvii,  230. 

'^Marchand,  Verhandl.  Kmg.  inn.  Med.,  1904,  xxi,  23. 
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There  are,  however,  some  dissenting  voices.  Ehlers^'  finds  that  the  human 
pulmonary  artery  dififers  from  the  aorta  in  that  its  media  is  made  up  of  two  dis- 
tinct layers  and  according  to  him  the  innermost  layer  assumes  a'  very  active  part 
in  pathological  processes.  Durante^'*  reports  a  case  of  congenital  atheroma  in 
a  premature  infant.  He  finds  the  vasa  vasorum  normal,  the  intima  almost  nor- 
mal. The  main  process  is  in  the  inner  third  of  the  media  where  there  is  some 
necrosis  and  calcification.  He  also  describes  broad,  almost  unstainable  gaps 
in  the  media.  There  is  some  secondary  hypertrophy  of  the  intima  but  only  over 
points  of  most  advanced  degeneration  of  the  media.  The  aorta  appears  macro- 
scopically  normal,  but  under  the  microscope  it  is  seen  that  in  its  media  there  are 
similar  processes  developing  as  in  the  pulmonary.  Except  for  the  median  ne- 
crosis and  calcification,  the  conditions  in  this  case  seem  to  bear  a  striking  resem- 
blance to  those  obtained  experimentally  in  our  dogs. 

These  few  brief  notes  from  the  Hterature  will  suffice  to  show  that 
the  results  of  the  experiments  here  described  present  some  obvious 
analogies  to  the  sclerosis  of  the  human  pulmonary  artery,  but  at  the 
same  time  distinct  differences.  The  proliferation  of  the  intima 
wherever  it  is  found  is  the  exact  counterpart  of  what  is  considered 
typical  for  human  atherosclerosis,  and  in  the  section  taken  from  a 
branch  within  the  lung  in  which  the  media  is  barely  affected  (Fig. 
5)  the  picture  is  identical  with  any  that  can  be  taken  from  an  arte- 
riosclerotic artery  that  has  not  as  yet  undergone  an  appreciable 
amount  of  degeneration.  One  of  the  chief  points  of  difference  is 
that  in  our  dogs  it  is  not  the  intima  but  the  media  which  is  without 
doubt  the  primary  and  principal  localization  of  the  lesion.  That 
this  is  not  necessarily  peculiar  to  the  dog  but  can  be  found  also  in 
human  pulmonary  arteries  is  sufficiently  proved  by  the  above  quota- 
tions from  Ehlers  and  Durante.  Perhaps  greater  experience  and 
improved  methods  may  bring  forward  a  greater  number  of  similar 
human  cases.  Our  experiments,  moreover,  have  shown  the  process 
at  a  much  earlier  stage  than  is  usually  seen  in  the  human.  That  the 
peculiar  structure  of  the  pulmonary  artery  as  described  by  Ehlers  is 
not  to  be  held  responsible  for  this  localization  in  the  media  is  obvious 
because  identical  lesions  may  be  found  at  the  same  time  in  the  aorta. 

^^  Ehlers,  W.  E.,  Zur  Histologie  der  Arteriosklerose  der  Pulmonalarterie, 
Virchows  Arch.  path.  Anat.,  1904,  clxxviii,  427. 

^*  Durante,  G.,  Atherome  congenital  de  I'aorte  et  de  I'artere  pulmonaire.. 
Bull.  Soc.  anat.  Paris,  1899,  Ixxiv,  97. 
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One  is  apt,  therefore,  to  recur  to  the  original  theory  of  Thoma^^  who 
assumed  some  defect  in  structure  or  in  function  of  the  media  as  the 
initial  stage  in  the  development  of  atherosclerosis.  The  almost 
uncompUcated  hyperplasia  of  the  intima  as  seen  in  some  of  the  larger 
arteries  within  the  lung  itself  might  also  be  readily  accounted  for  by 
the  early  theories  of  Thoma.  These  arteries  are  without  doubt 
dilating  under  pressure,  the  current  is  probably  considerably  slower 
than  normal,  and  hence  the  compensatory  thickening  of  the  intima. 
It  might  be  assumed  that  the  effect  upon  the  media  was  compara- 
tively slight  because  in  arteries  of  that  order  the  muscular  apparatus 
is  not  sufficiently  developed  to  exert  any  great  resistance  to  the 
pressure  within  the  artery.  The  disorganization  in  varying  degree 
of  elastic  lamellae  and  fibers  is  admitted  by  all  observers  but  is  gener- 
ally conceived  as  taking  place  principally  in  the  intima,  and  only 
to  a  very  hmited  extent  in  the  media.  It  is  taken  to  be  a  direct  con- 
sequence of  fatty  degeneration.  According  to  Torhorst'*'  degenera- 
tion does  not  commence  before  the  completion  of  the  hyperplastic 
process  in  the  intima,  and  he  as  well  as  most  other  investigators, 
especially  Aschoff,^^  see  the  cause  of  the  breaking  up  of  the  elastic 
elements  in  the  fatty  degeneration  of  the  cement  (Kittsubstanz)  that 
serves  to  hold  the  fibers  together. 

In  the  present  set  of  experiments,  no  trace  of  degeneration,  fatty 
or  otherwise,  could  be  found.  The  violent  destruction  of  the  elastic 
elements,  the  forcible  displacement  of  the  muscle  cells,  the  broad 
gaps  filled  with  plasma,  all  point  to  a  purely  mechanical  force,  in  all 
probability  the  intense  straining  of  the  musculature  of  the  arteries 
to  overcome  the  resistance  offered  by  the  extensive  blocking  of  the 
pulmonary  circulation  in  the  lung.  It  will  be  of  great  interest  to 
observe  whether  the  cholesterol  injections,  possibly  with  some  modifi- 
cations, and  continued  during  a  much  longer  period,  will  eventually 
lead  to  fatty  degeneration  and  calcification,  though  Ljungdahl  seems 
to  believe  that  7  to  8  months  of  increased  resistance  on  the  part  of 

^^  Thoma,  R.,  Uber  die  Histomechanik  des  Gefasssystems  und  die  Pathogenese 
der  Angiosklerose,  Virchows  Arch.  path.  Anal.,  1911,  cciv,  1. 

^*  Torhorst,  H.,  Die  histologischen  Veranderungen  bei  der  Sklerose  der 
Pulmonalarterie,  Beitr.  path.  Anat.  u.  allg.  Path.,  1904,  xxxvi,  210. 

^'  Aschofif,  L.,  Arteriosklerose,  Beiheft  med.  Klin.,  1914,  x,  1. 
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the  lungs  and  increased  pressure  from  the  right  heart  is  a  sufficiently 
long  time  to  permit  degenerative  changes  to  develop  in  human  pul- 
monary arteries. 

One  would  think  that  if  cholesterol  or  its  esters  participate  actively 
in  causing  sclerotic  lesions,  such  activity  would  be  plainly  demon- 
strated by  the  present  experiments.  That  cholesterol  is  practically 
inert,  that  no  esters,  at  least  no  doubly  refracting  bodies,  have  been 
met  with,  appears  to  be  one  of  the  striking  differences  between  the 
arterial  lesions  of  our  dogs  and  human  atherosclerosis.  This  dis- 
crepancy is,  however,  not  so  great  as  it  would  seem.  The  modern 
trend  of  opinion,  especially  as  represented  by  Aschoff,  seems  to  be  that 
deposits  of  cholesterol  esters  are  secondary  to  the  mechanical  con- 
ditions by  means  of  which  the  intima,  and  perhaps  also  the  media, 
undergoes  serious  structural  alterations.  Plasma  is  forced  into  the 
intima  and  the  amount  of  hpoid  deposit  that  takes  place  depends 
largely  on  the  cholesterol  ester  content  of  that  plasma.  With  this 
precipitation  of  lipoids,  degeneration  begins,  the  Kittsuhstanz  is 
demolished,  and  those  processes  are  initiated  that  lead  to  atheroma. 

This  conception  is,  however,  not  as  yet  a  well  grounded  fact,  but 
rather  an  hy^pothesis.  It  is  true  that  cholesterol  and  its  esters  are 
invariably  found  in  every  case  of  human  atheroma  and  that  the  extent 
of  the  degeneration  is  approximately  proportionate  to  the  quantity 
of  lipoids  accumulated  mthin  the  vascular  tissues,  but  up  to  date 
nothing  definite  is  as  yet  known  about  the  exact  conditions  that  in- 
duce the  lipoid  deposits  or  of  the  specific  functions  of  the  latter. 
Perhaps  there  may  be  some  truth  in  the  theories  propounded  by 
Lemoine  and  Gerard,'^  according  to  which  the  cholesterol  acts  as  an 
antitoxin  and  is  heaped  up  in  the  degenerating  vascular  tissues  in 
order  to  neutralize  and  to  assist  in  transporting  the  toxic  material 
injected  into  the  blood  vessels  by  the  various  processes  and  diseases 
that  are  supposed  to  lead  to  arteriosclerosis.  In  this  connection 
it  is  significant  that  Klotz^  finds  that  the  hemolytic  properties  of 
sodium  oleate  are  neutralized  by  an  adequate  admixture  of  cholesterol. 
Some  added  interest  as  regards  the  function  of  cholesterol  in  arterio- 

^^  Lemoine  and  Gerard,  in  Bertrand,  Nature  de  I'atherome  et  role  de  la  chol- 
esterine  dans  sa  formation,  Rev.  mod.  ?ned.  et  Chir.,  1913,  xi,  380. 
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sclerosis  may  also  be  found  in  recent  studies  of  sclerotic  lesions  as 
found  in  very  young  persons  and  babies,  especially  by  Stumpf'^  and 
Saltykow.2°  The  present  writer  has  also  examined  a  relatively  large 
number  of  infantile  aortas,  of  several  fetuses,  and  also  of  dogs.  He 
hopes  to  publish  his  results  in  the  near  future,  but  it  may  be  stated 
now  that  in  the  majority  of  the  baby  aortas,  no  matter  what  the  cause 
of  death,  no  matter  how  old  or  how  young  the  child,  minute  ridges 
and  patches  slightly  elevated  above  the  level  of  the  intima,  and  of  a 
faint  yellowish  color,  could  be  found.  They  were  most  frequently 
found  in  the  sinus  Valsalvae,  the  bulb  or  the  arch,  but  often  in  the 
descending  and  abdominal  aorta  and  usually  in  the  neighborhood  of 
the  orifices  of  branching  vessels.  Under  the  microscope  there  could 
regularly  be  seen  a  very  distinct  and  typical  hyperplasia  of  the  in- 
tima, a  practically  intact  media,  very  minute  sudanophil  droplets 
scattered  in  the  interstices  between  the  elements  of  the  intima,  and 
also  fairly  large  phagocytes  filled  with  sudanophil  granules.  The 
same  phenomena  could  with  great  constancy  be  found  also  in  the 
aorta  of  young  dogs.  In  these  cases  there  were  no  signs  of  degener- 
ation, nor  did  there  appear  to  be  any  tendency  towards  atheroma, 
and  it  must  be  a  subject  for  further  study  to  ascertain  the  functions 
of  the  cholesterol,  and  for  what  reason  and  by  what  mechanism  a 
baby  1  day  old  or  a  7  months  fetus  had  small  areas  of  hyperplastic 
intima  and  sudanophil  phagocytes  in  the  aorta.  It  seems  probable 
that  the  distribution  and  the  presumptive  action  of  cholesterol  in 
these  cases  and  that  found  in  the  pulmonary  arteries  of  our  dogs  are 
similar. 

As  a  result  of  this  brief  discussion  it  is  beheved  that  the  arterial 
lesions  experimentally  obtained  in  our  dogs  are  essentially  identical 
with  those  found  in  the  human  pulmonary  artery,  and  that  for  the 
first  time  atherosclerosis,  very  closely  analogous  to  the  human,  has 
with  certainty  been  produced  experimentally  in  dogs. 

^'  Stmnpf,  R.,  Uber  die  Entartungsvorgange  in  der  Aorta  des  Kindes  und  ihre 
Beziehungen  zur  Atherosklerose,  Beitr.  path.  Anat.  u.  allg.  Path.,  1914,  lix,  390. 

2"  Saltykow,  S.,  Jungendliche  und  beginnende  Atherosklerose,  Cor.-Bl.  Schweiz. 
Aerzie,  1915,  xlv,  1057,  1089. 
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SUMMARY. 


Cholesterol  dissolved  in  sesame  oil  and  injected  regularly  for  a 
period  of  from  7  to  8  months  into  the  jugular  vein  of  four  young  dogs 
has  caused  in  each  animal  larger  and  smaller  nodules  protruding  to 
some  degree  into  the  lumen  of  the  pulmonary  artery  and  also  here 
and  there  some  diffuse  thickenings,   the  whole  closely  resembling 
human  arteriosclerosis.     These  changes  commence  at  the  origin  of 
the   pulmonary   artery  immediately   behind   the   semilunar   valves. 
They  seem  a  little  more  pronounced  in  those  dogs  that  had  the  aorta 
tied.     Microscopically  the  lesions  are  seen  to  be  primary  in  the 
media.     They  consist  of  a  more  or  less  violent  disorganization  of 
the  elastic  elements  and  displacement  of  the  muscular  tissue.     As  a 
consequence  wide  gaps,  apparently  filled  with  plasma,  are  formed  in 
the  media.     The  entire  process  is  locahzed  principally  in  the  inner 
third  of  the  media.     There  is  no  evidence  of  fatty  degeneration  either 
in  the  elastic  elements  or  the  muscle.     Tj^ical  sclerotic  hyperplasia 
of  the  intima  is  found  over  some  of  the  prominent  median  nodula- 
tions  while  over  others  the  intima  is  normal.     Hyperplastic  sclerosis 
of  the  intima  is  also  found  in  places  where  the  media  is  intact  or  only 
sHghtly  damaged.     Some  of  the  larger  branches  of  the  pulmonary 
artery  well  within  the  lung  tissue  are  somewhat  dilated  and  show  ex- 
tensive hyperplasia  of  the  intima  over  almost  normal  media.     Pecul- 
iar small  nodules  are  seen  in  the  media  of  the  two  main  branches  of 
the  pulmonary  artery  which  are  found  to  consist  of  frank  hyperplasia 
of  the  elastic  and  muscular  elements  arranged  in  more  or  less  regular 
concentric  circles.     The  capillaries  and  smaller  and  smallest  arteries 
within  the  lungs  are  not  affected.     Cholesterol  in  phagocytes  and  in 
droplets  between  the  tissue  elements  is  present  in  very  small  quanti- 
ties and  does  not  take  any  active  part  in  the  process.     The  entire 
process  represents  in  all  probability  an  early  stage  of  arteriosclerosis, 
a  result  of  purely  mechanical  stress  brought  about  by  the  very  ex- 
tensive but  more  or  less  intermittent  blocking  of  the  pulmonary 
circulation  by  the  oil.     The  musculature  of  the  artery  appears  to 
be  the  main  force  applied  to  overcome  the  resistance  in  the  circula- 
tion.    In  no  case  has  hypertrophy  of  the  right  heart  been  found. 


602  EXPEEIMENTAL  ATHEROSCLEROSIS 

The  lesions  in  the  pulmonary  arteries  of  the  dogs  produced  experi- 
mentally are  closely  analogous  to  atherosclerosis  of  the  human 
pulmonary  artery. 

EXPLANATION  OF  PLATES. 

Plate  40. 

Fig.  1.  Left  heart  and  aorta  of  a  dog  whose  aorta  had  been  tied,  showing 
sclerotic  nodules  behind  the  cusps  and  ridges  in  the  further  course  of  the  vessel. 

Fig  2.  Extensive  sclerosis  of  the  pulmonary  artery,  possibly  some  dilatation 
of  the  right  ventricle. 

Plate  41. 

Fig.  3.  The  widespread  disorganization  of  the  media,  the  large  gaps  contain- 
ing fragments  of  elastic  fibers,  and  faintly  stained  coagulated  material  are  shown. 
Muscle  cells  normal,  extensive  splitting  of  elastica  interna.  No  change  in  the 
intima.     Hematoxylin  and  Sudan  III;  Zeiss  oc.  4,  apochromatic  3  mm. 

Plate  42. 

Fig.  4.  Frozen  section.  The  disruption  of  the  inner  portions  of  the  media 
and  moderate  hyperplasia  of  the  intima  are  shown.  The  elastica  interna  is  only 
partially  intact.     Hematoxylin  and  Sudan  III;  Zeiss  oc.  4,  apochromatic  8  mm. 

Plate  43. 

Fig.  5.  Paraffin  section  of  a  branch  of  the  pulmonary  artery  within  the  lung. 
Typical  sclerotic  hyperplasia  of  the  intima,  some  disorganization  of  the  inner 
portions  of  the  media.  To  the  right  of  the  picture  the  intima  with  its  endothe- 
lium is  seen  to  be  perfectly  normal.  Hematoxylin  and  eosin;  Zeiss  oc.  4,  apo- 
chromatic 16  mm. 
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(Adler:  Experiir.ental  atherosclerosis.) 


THE  PROPHYLACTIC   AND   THERAPEUTIC   PROPERTIES 
OF  THE  ANTITOXIN  FOR  BACILLUS  WELCHIL 

By  CARROLL  G.  BULL,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  June  1,  1917.) 

In  a  recent  article^  experiments  were  given  which  seemed  to  estab- 
lish the  follomng  points:  (1)  under  certain  defined  conditions,  a  bac- 
teria-free toxic  substance  can  be  obtained  from  cultures  of  Bacillus 
welchii;  (2)  this  substance  possesses  the  physical  properties  of  an  exo- 
toxin and,  on  animal  inoculation,  is  capable  of  prbducing  all  the  essen- 
tial lesions  and  effects  of  infection  with  the  bacilli ;  (3)  animals  which 
have  received  a  number  of  graded  doses  of  the  toxin  yield  an  immune 
serum  which  neutrahzes  in  vitro  all  the  pathologic  effects  of  the  toxin 
and  exhibits  power  to  prevent  and  control  infections  with  both  the 
spore  and  vegetative  forms  of  the  bacilh.  These  experimental  re- 
sults appeared  to  justify  the  conclusion  that  Bacillus  welchii  should 
be  classed  with  Bacillus  diphtherice  and  Bacillus  tetani  as  a  toxin-pro- 
ducing organism  and  that  infections  with  the  organism  might  be  suc- 
cessfully combated  by  means  of  a  specific  immune  serum.  The 
present  paper  deals  with  more  extensive  and  systematic  experiments 
on  the  preventive  and  curative  powers  of  the  antitoxin. 

Prophylaxis  against  Intoxication. 

A  series  of  guinea  pigs  ranging  in  weight  from  500  to  800  gm.  was 
given  a  prophylactic  dose  of  antitoxic  serum.  Each  animal  received 
0.25  cc.  of  the  antitoxin-  for  each  100  gm.  of  weight,  and  the  suscepti- 
bility of  the  prophylactic  series  to  intravenous  injections  of  the  toxin 

'  Bull,  C.  G.,  and  Pritchett,  I.  W.,  J.  Exp.  Med.,  1917,  xxvi,  119. 

"  This  antitoxin  has  now  been  prepared  in  the  horse.  The  method  employed 
for  producing  it  will  be  the  subject  of  a  later  paper,  as  well  as  the  question  of 
standardization.  At  present  dosage  is  given  in  numbers  of  cubic  centimeters  of 
the  serum  employed. 
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was  compared  with  that  of  normal  guinea  pigs  at  different  intervals 
after  the  immune  serum  had  been  given.  The  following  protocols 
give  the  results: 

Experiment  1.  2  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  1, 
weight  510  gm.,  had  received  1.5  cc.  of  the  antitoxin  subcutaneously.  10  cc.  of 
toxin  were  injected  into  the  jugular  vein.  No  symptoms  had  developed  6  hours 
after  the  injection,  but  the  guinea  pig  was  found  dead  20  hours  after  receiving  the 
toxin.     The  autopsy  showed  lesions  characteristic  of  B.  welchii  toxin.' 

Guinea  Pig  2,  weight  660  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously. 
8  cc.  of  toxin  were  injected  into  the  jugular  vein.  The  guinea  pig  developed  no 
symptoms  and  was  discarded  in  perfect  condition  3  weeks  later. 

Guinea  Pig  3,  weight  560  gm.,  normal  control.  0.3  cc.  of  toxin  was  injected 
into  the  jugular  vein.  This  guinea  pig  was  found  dead  16  hours  later.  Charac- 
teristic lesions  were  found  at  autopsy. 

Experiment  2.  5  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  4, 
weight  660  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.  4  cc.  of  toxin 
were  injected  into  the  jugular  vein.  This  animal  developed  symptoms  of  intoxi- 
cation 2  hours  after  the  injection  and  died  at  the  expiration  of  4  hours.  The 
autopsy  findings  were  characteristic. 

Guinea  Pig  5,  weight  510  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously. 
2  cc.  of  toxin  were  given  intravenously.  No  immediate  or  delayed  symptoms 
arose,  and  the  guinea  pig  was  in  perfect  health  3  weeks  later. 

Guinea  Pig  6,  weight  770  gm.,  normal  control.  0.25  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  guinea  pig  was  found  dead  16  hours  later.  The 
autopsy  findings  were  t)T5ical. 

Experiment  3.  7  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  7, 
weight  670  gm.,  had  received  1.7  cc.  of  antitoxin  subcutaneously.  2  cc.  of  toxin 
were  given  intravenously.  No  symptoms  developed,  and  the  guinea  pig  was 
normal  3  weeks  later. 

Guinea  Pig  8,  weight  600  gm.,  normal  control.  1  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  guinea  pig  died  3|  hours  later,  and  characteristic 
lesions  were  present . 

Experimetit  4.  9  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
9,  weight  650  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.  2  cc.  of 
toxin  were  given  intravenously.  No  symptoms  had  appeared  6  hours  later,  but 
the  guinea  pig  was  found  dead  24  hours  after  the  toxin  was  given.  The  autopsy 
findings  were  characteristic  of  B.  welchii  intoxication. 

Guinea  Pig  10,  weight  650  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously. 
1.5  cc.  of  toxin  were  injected  into  the  jugular  vein.     No  symptoms  of  intoxication  _ 

arose,  and  the  guinea  pig  remained  normal.  ■ 

*  Differences  in  the  manner  of  action  of  B.  welchii  toxin  when  administered  by 
intravenous  and  subcutaneous  routes  are  described  in  the  paper  already  referred  to.* 
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Guinea  Pig  11,  weight  700  gm.,  normal  control.  0.7  cc.  of  toxin  was  given  in- 
travenously.    Death  occurred  4  hours  later,  and  the  lesions  were  typical. 

Experiment  5.  12  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
12,  weight  640  gm.,  had  received  1.6  cc.  of  antitoxin  subcutaneously.  0.7  cc.  of 
toxin  was  injected  into  the  jugular  vein.  No  symptoms  had  arisen  8  hours  later. 
The  guinea  pig  was  found  dead  22  hours  after  the  toxin  was  given,  and  the  autopsy 
findings  were   typical. 

Guinea  Pig  13,  weight  660  gm.,  had  received  1.7  cc.  of  antitoxin  subcutaneously. 
0.5  cc.  of  toxin  was  injected  into  the  jugular  vein.  The  guinea  pig  remained 
normal. 

Guinea  Pig  14,  weight  600  gm.,  normal  control.  0.28  cc.  of  toxin  was  given 
intravenously.  This  guinea  pig  was  found  dead  20  hours  later.  The  autopsy 
findings  were  typical. 

Experiment  6.  14  Days  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
15,  weight  570  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously.  0.25  cc. 
of  toxin  was  injected  into  the  jugular  vein.  Death  occurred  20  hours  later. 
Characteristic  toxin  lesions  were  found  at  autopsy. 

Guinea  Pig  16,  weight  580  gm.,  had  received  1.5  cc.  of  antitoxin  subcutaneously. 
0.25  cc.  of  toxin  was  given  intravenously.  No  symptoms  developed,  and  the 
guinea  pig  was  in  perfect  health  3  weeks  later. 

Guinea  Pig  17,  weight  600  gm.,  normal  control.  0.27  cc.  of  toxin  was  injected 
into  the  jugular  vein.  The  animal  was  found  dead  20  hours  after  the  toxin  wa£ 
given,  and  typical  lesions  were  present. 

The  foregoing  experiments  show  that  a  passive  immunity  to  Bacil- 
lus welchii  toxin  can  be  conferred  on  guinea  pigs  by  the  administra- 
tion of  the  antitoxin.  In  these  instances  the  immunity  persisted  for 
about  2  weeks.  The  protection  from  the  toxin  was  at  first  very  pro- 
nounced, thirty-two  acutely  lethal  doses  being  harmless  when  injected 
directly  into  the  blood  stream  (Experiment  1,  Guinea  Pig  2)  2  days 
after  the  antitoxin  was  given.  5  days  after  the  prophylactic  admin- 
istration of  the  antitoxin,  eight  lethal  doses  were  still  harmless  (Ex- 
periment 2,  Guinea  Pig  5),  but  sixteen  lethal  doses  killed.  The  im- 
munity to  the  toxin  gradually  decreased  and  was  about  exhausted 
at  the  end  of  2  weeks.  At  this  time  some  of  the  prophylactic  animals 
were  still  somewhat  more  resistant  to  the  toxin  than  normal  animals, 
while  others  manifested  no  increased  resistance  (Experiment  6,  Guinea 
Pigs  15,  16,  and  17). 

The  fact  that  animals  can  be  passively  immunized  to  the  toxin  may 
in  itself  be  of  considerable  practical  significance;  but  when  it  is  re- 
membered that  the  toxin  is  a  powerful  aggressin,  preparing  the  field 
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for  bacterial  multiplication,  its  high  significance  becomes  at  once 
apparent.  The  next  series  of  experiments  further  emphasizes  the 
importance  of  the  part  played  by  the  toxin  in  infection  by  the  bacilli 
and  shows  conclusively  that  large  numbers  of  highly  virulent  bacilli 
are  practically  harmless  when  deprived  of  their  toxin. 

Prophylaxis  against  Infection. 

A  series  of  guinea  pigs,  ranging  in  weight  from  250  to  350  gm.,  was 
given  subcutaneously  on  the  inner  aspect  of  one  hind  leg  1  cc.  of 
antitoxin  per  100  gm.  of  weight.  The  resistance  of  the  prophylactic 
series  to  infection  with  fresh  cultures  of  the  virulent  bacilli  was  com- 
pared with  that  of  normal  guinea  pigs  of  the  same  size.  The  pro- 
tected guinea  pigs  were  infected  subcutaneously  in  the  leg  opposite 
to  the  one  in  which  they  had  received  the  antitoxin.  The  quantity 
of  culture  given  the  individual  animals  was  calculated  on  the  basis 
of  body  weight,  a  certain  fraction  of  a  cubic  centimeter  being  given 
for  each  100  gm.  of  weight.  The  following  protocols  illustrate  the 
results : 

Experiment  7.  24  Hours  after  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig 
18,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin.  0.28  cc.  of  culture  was  given 
subcutaneously.  7  hours  later  the  infected  leg  was  moderately  swollen  and  stiff; 
no  local  crepitation  and  no  symptoms  of  general  intoxication.  24  hours  after  the 
inoculation  the  local  swelling  had  almost  disappeared,  and  the  gmnea  pig  was  ap- 
parently well. 

Guinea  Pig  19,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin  and  was  given 
0.5  cc.  of  culture.  7  hours  later  the  infected  leg  was  swoUen  and  stiff;  crepitation 
could  not  be  elicited,  and  there  was  no  general  intoxication.  The  next  day  the 
swelling  and  stiffness  were  subsiding,  the  guinea  pig  was  active,  and  no  extension 
of  the  infection  arose. 

Guinea  Pig  20,  weight  250  gm.,  had  received  2.5  cc.  of  antitoxin  and  was  given 
0.9  cc.  of  culture.  The  results  were  identical  with  those  of  the  two  preceding 
animals. 

Guinea  Pig  21,  weight  310  gm.,  normal  control.  0.006  cc.  of  culture  was  given 
subcutaneously.  This  guinea  pig  was  found  dead  22  hours  after  it  was  inoculated. 
Autopsy  revealed  edema,  gas,  and  disorganization  of  tissue,  lesions  typical  of 
B.  welchii  infection. 

In  Experiment  7  it  is  shown  that  50,  83,  and  150  lethal  doses  of 
culture  respectively  failed  to  infect  the  guinea  pigs  which  had  re- 
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ceived  a  protective  injection  of  antitoxin  24  hours  previously.  As 
150  lethal  doses  was  the  largest  quantity  of  culture  given  the  height 
of  the  resistance  to  infection  was  not  accurately  determined. 

Experiment  8.  3  Days  afler  the  Prophylactic  Dose  of  Antitoxin. — Guinea  Pig  22, 
weight  250  gm.,  had  received  2.5  cc.  of  antitoxin  and  was  given  0.4  cc.  of  culture. 
No  symptoms  developed  aside  from  local  swelling  and  stiffness  which  rapidly- 
subsided.     No  evidence  of  multiplication  of  the  bacilli. 

Guinea  Pig  23,  weight  310  gm.,  had  received  3.1  cc.  of  antitoxin.  0.6  cc.  of 
culture  was  injected  into  the  opposite  leg.  The  symptoms  and  results  were  the 
same  as  in  the  preceding  animal. 

Guinea  Pig  24,  weight  300  gm.,  normal  control.  0.004  cc.  of  culture  was  given 
subcutaneously.  The  animal  died  22  hours  later.  Lesions  of  B.  welchii  infec- 
tion were  present  at  autopsy. 

In  this  experiment  the  limit  of  the  resistance  to  infection  was  again 
not  reached,  although  one  of  the  guinea  pigs  also  received  150  lethal 
doses  of  the  culture. 

Experiment  9.  5  Days  after  the  Antitoxin. — Guinea  Pig  25,  weight  260  gm.,  had 
received  2.6  cc.  of  antitoxin.  1.5  cc.  of  culture  were  injected  into  the  opposite 
leg.  Infection  did  not  develop,  and  the  local  swelling  and  stiffness  which  always 
follow  these  inocidations  rapidly  subsided. 

Guinea  Pig  26,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin.  2  cc.  of  cul- 
ture were  given.  Infection  developed,  and  the  guinea  pig  died  30  hours  after 
inoculation.     Lesions  typical  of  B.  welchii  infection  were  present  at  autopsy. 

Guinea  Pig  27,  weight  290  gm.,  normal  control.  0.005  cc.  of  culture  was  in- 
jected subcutaneously.  The  guinea  pig  was  found  dead  20  hours  later  and  showed 
typical  lesions. 

This  experiment  indicates  that  a  protected  guinea  pig  could  resist 
300  but  not  400  lethal  doses  of  the  culture  5  days  after  the  antitoxin 
had  been  given. 

Experiment  10.  8  Days  after  the  Antitoxin. — Guinea  Pig  28,  weight  260  gm., 
had  received  2.6  cc.  of  antitoxin.  0.3  cc.  of  culture  was  given  subcutaneously. 
The  usual  local  swelling  and  stiffness  followed,  but  no  infection  arose. 

Guinea  Pig  29,  weight  280  gm.,  had  received  2.8  cc.  of  antitoxin  subcutaneously. 
0.5  cc.  of  culture  caused  a  fatal  infection,  with  characteristic  lesions. 

Guinea  Pig  30,  weight  275  gm.,  normal  control.  0.005  cc.  of  culture  was  given 
subcutaneously.  Infection  developed,  and  the  guinea  pig  died  23  hours  after 
inoculation. 
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This  experiment  shows  that  60  lethal  doses  of  culture  failed  to  in- 
fect 8  days  after  the  antitoxin  had  been  administered.  The  resis- 
tance of  the  protected  guinea  pigs  was  tested  again  on  the  11th  day, 
and  twenty  lethal  doses  were  not  infectious.  On  the  14th  and  15th 
days,  however,  the  antitoxin-treated  guinea  pigs  proved  susceptible 
to  infection,  but  whether  to  the  same  degree  as  the  normal  controls 
the  experiment  does  not  indicate.  We  may,  however,  assume  that 
the  antitoxin  becomes  greatly  reduced  in  quantity  from  the  12th  to 
13th  day  after  its  administration. 

Therapeutic  Property  of  the  Antitoxin. 

We  may  now  consider  the  effects  which  the  antitoxin  exerts 
upon  established  infection  with  Bacillus  ivelchii.  For  this  pur- 
pose guinea  pigs  weighing  from  500  to  600  gm.  were  used, 
smaller  ones  being  so  susceptible  to  the  infection  that  there  is 
little  time  afforded  for  treatment.  The  amount  of  a  standard  cul- 
ture that  would  infect  and  kill  all  of  a  series  of  guinea  pigs  between 
30  and  48  hours  was  first  determined.  The  infecting  dose  was  cal- 
culated on  the  basis  of  body  weight,  and  it  was  found  that  about 
0.035  cc.  of  culture  per  100  gm.  of  weight  was  effective  within  the 
time  limit  mentioned  in  all  the  animals  inoculated  ranging  in  weight 
from  500  to  600  gm.  The  procedure  was  to  infect  a  number  of  ani- 
mals at  one  time  with  the  same  culture  and  allow  24  hours  to  elapse 
before  beginning  treatment.  At  this  time  the  condition  of  the  ani- 
mals was  noted,  especially  the  extent  of  the  local  lesions  and  the 
symptoms  of  general  intoxication.  One  of  the  animals  was  etherized 
and  autopsied,  and  to  one  or  more  the  antitoxin  was  administered, 
while  the  others  were  left  as  untreated  controls.  Illustrative  proto- 
cols follow: 

Experiment  11. — Guinea  Pig  31,  weight  510  gm.  0.18  cc.  of  culture  was  in- 
jected into  the  muscles  on  the  inner  aspect  of  the  hind  leg.  24  hours  after  inocu- 
lation, a  gaseous  phlegmon  involving  the  infected  leg  and  the  adjacent  abdominal 
wall  had  developed,  crepitation  was  readily  eh'cited,  and  the  guinea  pig  exhibited 
symptoms  of  severe  intoxication — rough  coat,  rapid  respiration,  and  drowsiness. 
3  cc.  of  antitoxin  were  injected  into  the  jugular  vein.  The  next  day  the  local 
lesion  was  subsiding,  crepitation  could  not  be  elicited,  the  toxic  symptoms  had 
disappeared,  and  the  guinea  pig  ate  greedily.     3  cc.  of  antitoxin  were  given  sub- 
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cutaneously  to  prevent  a  recrudescence  of  the  infection.  The  general  condition 
improved  from  day  to  day,  while  the  infected  leg  became  gangrenous,  sloughed, 
and  was  infected  with  pyogenic  organisms.  Healing  finally  occurred,  but  the 
scar  tissue  caused  deformity  of  the  leg. 

Guinea  Pig  32,  weight  560  gm.  0.2  cc.  of  culture  was  injected  into  the  muscle 
on  the  inner  aspect  of  the  hind  leg.  24  hours  after  inoculation  there  were  swelUng 
and  edema,  crepitation,  and  intoxication.  The  animal  was  not  treated,  and  it 
died  exactly  48  hours  after  inoculation.  Autopsy  revealed  the  characteristic 
lesions  of  B.  welchii  infection. 

Guinea  Pig  ZZ,  weight  580  gm.  0.2  cc.  of  culture  was  injected  in  the  same  man- 
ner as  in  Guinea  Pigs  31  and  32.  24  hours  after  inoculation,  the  guinea  pig  was 
etherized  and  autopsied.  There  was  a  large  gaseous  phlegmon  involving  the  in- 
fected leg  and  adjacent  abdominal  wall.  The  muscles  of  this  region  werepulpi- 
fied  and  laden  with  bacilli.  The  opposite  groin  contained  a  gelatinous,  serosan- 
guineous  exudate.  The  muscles  of  the  abdominal  wall  and  diaphragm  were  of 
pinkish  hue.     The  lungs  were  pink  and  edematous . 

■  Guinea  Pig  34,  weight  605  gm.,  was  inoculated  with  0.21  cc.  of  culture.  This 
animal  served  as  an  untreated  control  and  died  at  the  end  of  40  hours  of  typical 
B.  welchii  infection. 

Experiment  11  was  repeated  a  number  of  times,  and  it  was  found 
that  the  infection  could  be  regularly  arrested  by  the  antitoxin  after  it 
was  well  established  and  extensive  destruction  of  the  tissues  in  the 
region  of  the  infection  had  already  taken  place.  Symptoms  of  severe 
general  intoxication  were  always  present  at  this  stage  of  the  disease. 
The  effect  of  the  antitoxin  was  often  noticeable  within  from  30  minutes 
to  1  hour  after  its  administration.  The  treated  guinea  pigs  would 
become  more  active,  their  coats  smooth,  and  they  would  be  attracted 
by  food,  while  the  controls  remained  crouched  in  a  corner,  with  heads 
down  and  coats  rough,  and  could  not  be  induced  to  eat. 

DISCUSSION. 

The  experimental  results  here  reported  with  the  preventive  and 
therapeutic  appHcations  of  the  antitoxin  are  highly  suggestive.  They 
derive  significance  from  the  fact  that  Bacillus  welchii  infections  in 
guinea  pigs  and  other  susceptible  animals''  are  comparable  with  in- 

*  Protection  and  curative  experiments  have  been  carried  out  also  with  the  more 
highly  susceptible  pigeon.  They  confirm  the  results  with  guinea  pigs  with  cer- 
tain variations  due  to  the  difference  in  species. 
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fections  with  this  organism  in  man.  The  experimental  infections  in 
the  guinea  pig  differ,  however,  from  the  natural  infection  in  man  in 
two  important  points:  (1)  man  possesses  a  higher  natural  resistance 
to  infection;  (2)  the  guinea  pigs  were  infected  with  fresh  virulent  cul- 
tures, while  man  must,  in  the  great  majority  of  instances,  derive  in- 
fection from  spores.  Moreover,  the  protected  guinea  pigs  were  given 
many  lethal  doses  of  the  living  cultures.  Such  massive  inoculations 
do  not  occur  in  man.  It  may  therefore  be  safely  predicted  that  man 
will  not  develop  the  infection  as  long  as  his  body  fluids  and  tissues  con- 
tain adequate  quantities  of  the  antitoxin. 

The  possibiHties  of  this  passive  serum  protection  has  natural  limits 
of  time,  depending  upon  the  rapidity  of  elimination  of  the  foreign 
serum.  The  experimental  data  presented  in  this  paper,  which  agree 
with  the  experience  with  antidiphtheritic  and  antitetanic  antitoxins, 
indicate  that,  in  all  probability,  a  passive  immunity  to  Bacillus  wel- 
chii  infection  of  at  least  2  weeks'  duration  can  be  conferred  upon  man 
by  a  single  injection  of  the  antitoxin.  This  immunity  will  be  suf- 
ficient in  the  majority  of  instances,  since  only  sporadic  cases  of  Bacillus 
welchii  infection  arise  later  than  the  10th  day  after  injury,  and  the 
greater  number  occurs  within  48  hoijrs  of  that  time. 

In  the  Hght  of  the  results  obtained  in  treating  the  infection  in 
guinea  pigs,  it  is  reasonable  to  hope  that  the  antitoxin  will  be  of  value 
also  as  a  therapeutic  agent.  The  indications  are  that  early  infectious 
cases  can  be  readily  arrested  and  the  more  advanced  and  severe  ones 
amehorated,  if  not  wholly  checked,  so  that  surgical  interference  may 
be  resorted  to  with  greater  probability  of  effectiveness. 

The  antitoxin  in  man  should  be  administered  intravenously  and 
probably  locally,  about  the  wound,  as  well. 

SUMMARY. 

1 .  It  has  been  possible  to  confer  on  guinea  pigs  a  passive  immunity 
of  about  2  weeks'  duration  to  Bacillus  welchii  toxin  through  a  pro- 
tective administration  of  the  antitoxin. 

2.  Guinea  pigs  which  had  received  a  prophylactic  dose  of  Bacillus 
welchii  antitoxin  exhibited  pronounced  resistance  to  infection  with  the 
virulent  bacilli  for  a  period  of  12  days. 
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3.  Established  infections  in  guinea  pigs  with  Bacillus  welchii  have 
been  arrested  and  controlled  by  treatment  with  the  antitoxin. 

4.  The  opinion  has  been  expressed  that  it  will  be  possible  to  pre- 
vent Bacillus  welchii  infection  in  man  through  the  prophylactic  use 
of  the  antitoxin  and  developed  cases  of  the  infection  may  be  con- 
trolled by  therapeutic  injections  of  the  same  agent. 


l'^ 
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The  demonstration  of  the  complete  dependence  of  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  upon  the  integrity  of  their 
nerve  supply  naturally  raises  the  question  where  the  central  mechan- 
ism which  sustains  this  secretion  is  situated.  We  are  not  aware  of 
the  existence  of  evidence  upon  this  point.  EUiott's  statement^  that 
exhaustion  of  the  store  of  epinephrin  in  the  adrenals  by  electrical 
excitation  of  afferent  nerves  does  not  occur  if  the  cord  is  transected 
anywhere  below  the  level  of  the  vasomotor  center  in  the  medulla  ob- 
longata, but  does  occur  when  transection  of  the  brain-stem  is  made 
just  above  the  anterior  corpora  quadrigemina,  has  no  direct  bearing 
on  the  question.  For  it  has  not  been  proved  that  the  exhaustion  of 
the  store  is  due  entirely  or  mainly  to  increase  in  the  rate  of  Hberation  of 
epinephrin,  on  which  ElHott  made  no  observations.  A  change  in  the 
amount  of  the  store  of  epinephrin  would  merely  show  that  some 
alteration  had  occurred  in  the  relation  between  the  rate  of  formation 
and  the  rate  of  discharge  of  the  epinephrin.  Nor  would  such  obser- 
vations even  if  they  were  accepted  as  pro\ing  an  increase  in  the  lib- 
eration brought  about  refiexly  through  a  center  in  the  bulb  or  higher 
up,  give  any  indication  whether  the  steady  spontaneous  liberation  of 
epinephrin  is  sustained  from  a  center  at  this  level.     Absence  of  effect 

*  A  note  on  this  work  was  published  in  the  Proc.  Sac.  Exp.  Biol,  and  Med., 
1916-17,  xiv,  143. 

1  Elliott,  T.  R.,  J.  Physiol,  1912,  xliv,  407. 
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of  afferent  stimulation  upon  the  epinephrin  store  after  section  of  the 
cord  just  below  the  bulb  likewise  affords  no  indication  whatever  that 
the  rate  of  spontaneous  Hberation  of  epinephrin  has  been  interfered 
with.  As  a  matter  of  fact,  we  have  found  in  cats  that  after  transec- 
tion of  the  cord  at  various  levels  in  the  cervical  region,  the  secretion 
of  epinephrin  into  the  blood,  far  from  being  aboHshed,  proceeds  with- 
out interruption.  The  rate  of  liberation  may  even  remain  sensibly 
the  same,  within  the  limits  of  error  of  the  methods  used  for  estimating 
it,  as  before  the  section.  This  is  illustrated  in  Experiment  1,  in 
which  adrenal  blood  was  obtained  from  a  cava  pocket  before  and 
after  section  of  the  cord  opposite  the  body  of  the  fourth  cervical 
vertebra,  between  the  fourth  and  fifth  cervical  segments. 

Experiment  1.     Condensed  Protocol. — Cat;  weight  2.31  kilos. 

The  animal  received  4  gm.  of  urethane  by  stomach  tube  at  12.30  p.m.,  and 
2  gm.  at  2.00  p.m. 

2.15  p.m.  Tracheal  and  jugular  cannulas  were  inserted  and  a  Specimen  of 
jugular  blood  was  obtained.  The  cord  was  exposed  for  about  a  segment  in  the 
midcervical  region.  A  short  cava  pocket  was  then  made,  all  the  arteries  (renal, 
celiac,  and.  superior  mesenteric,  and  abdominal  aorta)  being  tied.  Artificial 
respiration  was  started  while  the  animal  was  breathing  well  spontaneously,  and 
collection  of  blood  from  the  adrenals  begun. 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

im. 

gm. 

1 

2 

20  sec. 

6.6 

2 

10 

2  min. 

5.0 

3 

2.8 

2     "     30     " 

1.2 

4 

2.9 

4     " 

0.7 

5 

2.4 

4     "      15     " 

0.6 

6 

4.5 

6     "      10     " 

0.7 

7 

3.3 

7     "      10     " 

0.5 

8 

2.1 

7     "     10     " 

0.3 

After  collection  of  the  second  adrenal  specimen  the  cord  was  cut  completely 
at  the  level  of  the  body  of  the  fourth  cervical  vertebra,  between  the  fourth  and 
fifth  segments,  as  verified  post  mortem.  After  collection  of  the  sixth  adrenal 
specimen  it  was  verified  that  the  section  of  the  cord  was  complete.  After  collec- 
tion of  the  eighth  specimen,  while  the  pocket  was  still  clipped  off,  blood  was 
obtained  from  the  abdominal  aorta.  The  proportion  of  corpuscles  in  the  blood 
(hematocrit)  was  25.5  per  cent.     Combined  weight  of  adrenals  0.440  gm. 
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In  Figs.  1  to  3  are  reproduced  some  of  the  tracings  from  the  rabbit 
intestine  and  uterus  segments  on  which  the  blood  specimens  were 
tested.  At  2  (Fig.  1)  the  Ringer's  solution  in  which  the  intestine  seg- 
ment was  beating  was  replaced  by  indifferent  (jugular)  blood,  and 
this  at  3  by  the  second  adrenal  blood  specimen,  collected  just  before 
transection  of  the  cord.  The  inhibition  of  the  intestine,  and  there- 
fore the  concentration  of  epinephrin  in  the  blood,  was  obviously  much 
less  than  with  the  sixth  adrenal  specimen,  collected  after  section  of 
the  cord  (Observation  7).  The  inhibition  produced  by  the  sixth 
specimen  was  less  than  that  produced  by  the  eighth  (Observation 
10) .  The  progressive  increase  in  the  concentration  is  associated  with 
the  progressive  slackening  in  the  blood  flow  in  successive  samples. 
This  is  a  phenomenon  always  observed  in  animals  with  intact  central 
nervous  system  when  the  rate  of  flow  happens  to  be  diminishing,  and  it 
is  undoubtedly  due  to  the  fact  that  the  rate  of  liberation  of  epinephrin 
per  unit  of  time  remains  approximately  constant,  at  least  for  consider- 
able periods,  under  the  experimental  conditions.  The  mere  inspection 
of  these  tracings  is  of  itself  sufficient  to  show  that  section  of  the  cord 
at  the  level  mentioned  cannot  have  caused  any  very  great  change  in  the 
rate  of  liberation  of  epinephrin.  Figs.  2  and  3  are  some  of  the  trac- 
ings taken  to  assay  the  concentration  of  epinephrin  in  the  second  adre- 
nal blood  specimen  and  in  the  eighth  specimen,  coUected  respectively 
before  and  after  the  cord  section.  The  adrenalin  used  for  the  epi- 
nephrin assays  was  always  freshly  assayed  colorimetrically.  It  was 
found  that  the  concentration  in  the  second  specimen  was  approxi- 
mately. 1:13,000,000  (Fig. 2,  Observations  36  and  38),  an  unusual  de- 
gree of  dilution  corresponding  to  the  unusually  high  rate  of  blood  flow, 
associated  with  the  high  blood  pressure  before  division  of  the  cord, 
which  is  generally  seen  when  all  the  arteries  mentioned  in  the  pro- 
tocol have  been  Kgated.  The  concentration  in  the  eighth  specimen 
was  much  greater  than  1:  1,600,000,  and  sHghtly  less  than  1:  800,000 
(Fig.  3,  Observations  20,  22,  and  24).  The  blood  flow  after  section 
of  the  cord  dropped  abruptly,  owing  to  paralysis  of  vasoconstrictors 
in  spite  of  the  pre\ious  Hgation  of  arteries.  It  will  be  noted  that  the 
blood  flow  during  collection  of  the  eighth  specimen  was  only  one- 
sixteenth  or  one-seventeenth  as  great  as  during  collection  of  the  second 
specimen,  while  the  concentration  of  epinephrin  in  the  eighth  specimen 
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was  approxiinately  sixteen  times  as  great  as  in  the  second.  In  other 
words,  the  output  of  epinephrin  (0.0004  mg.  per  minute)  was  not 
altered  by  the  cord  section. 

It  might  be  objected  that  the  small  blood  flow  during  collection  of 
the  eighth  specimen  was  not  sufficient  to  prevent  partial  asphyxia 
of  the  adrenals,  and  that  by  some  direct  effect  of  this  condition  on  the 
cells  of  the  medulla  an  abnormal  liberation  of  epinephrin,  not  medi- 
ated through  the  nervous  system,  took  place.  This  objection  is 
entirely  without  weight.  For  with  even  smaller  flows  through  adre- 
nals whose  innervation  has  been  interrupted  no  such  liberation  oc- 
curs.2  After  all,  a  flow  of  about  100  gm.  of  blood  per  100  gm.  of  tis- 
sue, although  small  for  the  adrenal,  is  scarcely  a  starvation  allowance. 

It  might  much  more  plausibly  be  argued  that  the  calculated  output 
of  epinephrin  for  the  eighth  specimen  is  Hkely  to  be  less  than  the  true 
rate  after  section  of  the  cord,  provided  that  the  blood  flow  had  not 
diminished.  For  it  is  quite  unusual  to  find  under  any  circumstances 
in  adrenal  blood  collected  in  a  cava  pocket  a  much  greater  concentra- 
tion than  1:  1,000,000.  If,  then,  with  a  declining  rate  of  blood  flow 
the  maximum  possible  concentration  has  once  been  reached,  the  rate 
of  liberation  calculated  for  smaller  flows  will  be  less  than  the  gland 
is  capable  of  sustaining  under  the  given  experimental  conditions  with 
a  more  copious  flow  of  blood.  However,  it  is  only  when  the  calculated 
rate  of  liberation  for  the  smaller  flow  is  much  less  than  for  the  larger 
flow,  that  any  such  question  could  arise.  When  with  a  relatively 
small  blood  flow  the  calculated  output  of  epinephrin  per  minute  is 
as  great  as  with  a  larger  flow  all  our  experience  goes  to  show  that 
the  rate  of  output  calculated  from  the  concentration  and  the  blood 
flow  can  be  legitimately  compared  for  a  wide  range  of  blood  flows 
lying  above  this  smallest  flow. 

In  the  next  experiment,  the  cord  was  transected  at  a  slightly 
higher  level  between  the  third  and  fourth  cervical  vertebrae,  through 
the  fourth  segment  just  above  the  origins  of  the  fourth  pair  of  cer- 
vical nerves,  as  shown  at  autopsy.  The  spontaneous  liberation  of 
epinephrin  was  studied  by  means  of  the  eye  reactions,  the  superior 

2  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17, 
xiv,  145;  Marine,  D.,  and  Rogoff,  J.  M.,  J.  Pharm.  and  Exp.  Therap.,  1916-17, 
ix,  1. 
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cendcal  ganglion  having  been  previously  excised.  The  eye  reactions 
were  employed  because  they  afforded  a  convenient  means  of  investi- 
gating the  effects  of  section  of  the  nerves  going  to  the  adrenals  upon 
the  spontaneous  Hberation  after  section  of  the  cervical  cord. 

Experiment  2.  Condensed  Protocol.-Ca.i-  weight  2.19  kilos.  Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment. 

9.30  a.m.    4  gm.  of  urethane  given  by  stomach  tube. 

10.30  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  the 
thu-d  and  fourth  vertebra.  Cava  pocket  made,  abdominal  aorta  and  renal  vessels 
being  tied. 

11.15  a.m.     Started  artificial  respiration. 


'"^'  I  I     Duration  of  pocket.     |        Pupil  dilatation. 


0^ 

ERRATUM. 

On  page  616,  Vol.  XXVI,  No.  5,  November  1,  1917,  foot-note  2,  for  Marine, 
D.,  and  Rogof,J.  M.,J.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  1,  read  Strcfart, 
G.  N.,  and  Rogojff,  J.  M.,  J.  Pharm.  and  E.xp.  Therap.,  1917,  x,  1. 

On  page  627,  foot-note  4,  for  Stewart  and  Rogoff,  J.  Pharm.  and  Exp.  Therap., 
1916-17,  ix,  479,  read  Steivart  and  Rogof,  J.  Pharm.  and  Exp.  Therap.,  1916, 
via,  479. 

On  page  638,  line  14,  for  was  interrupted  read  was  never  interrupted. 

On  page  644,  line  3,  the  reference  number  should  be  5  instead  of  4. 
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The  pocket  filled  very  slowly  throughout  the  experiment;  the  heart  was  feeble. 

In  this  experiment,  as  will  be  seen  from  the  protocol,  section  of  the 
cord  at  the  level  mentioned  caused  no  noteworthy  change  in  the  eye 
reaction,  certainly  no  clear  diminution.  The  circulation  was  poor 
both  before  and  after  the  section.  The  cava  pocket  fiUed  slowly  and 
the  interval  between  the  release  of  the  pocket  and  the  beginning  of 
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the  pupil  dilatation  was  correspondingly  long.  Yet  approximately  the 
same  time  of  collection  was  required  to  evoke  a  reaction  of  given 
magnitude  before  and  after  section  of  the  cord.  After  division  of  the 
splanchnics  in  the  abdomen  and  the  sympathetic  truriks  in  the  thorax 
no  eye  reactions  could  be  obtained,  even  with  much  longer  periods  of 
collection  in  the  pocket;  that  is,  the  Hberation  of  epinephrin  after  sec- 
tion of  the  cord  must  have  been  sustained  from  some  part  of  the  cord 
below  the  fourth  cer\dcal  segment,  and  through  the  same  nerves  as 
with  intact  central  nervous  system. 

It  may  be  explained  here  that  even  when  the  cava  pocket  has  been 
kept  closed  for  so  long  a  period  that  it  is  unable  to  receive  any  more 
adrenal  vein  blood,  there  is  good  evidence  that  the  output  of  epinephrin 
still  goes  on  into  the  blood  of  the  adrenal  capillaries  at  an  approxi- 
mately constant  rate;  and  that  when  the  pocket  is  released  the  full 
effect  of  this  epinephrin  is  exerted  in  ehciting  the  eye  reactions  or 
increasing  the  blood  pressure,  just  as  if  the  blood  had  actually  passed 
into  the  pocket.  So  that  in  the  course  of  an  experiment,  the  reactions 
evoked  when  a  pocket  clipped  off  for  a  given  length  of  time  is  released 
are  substantially  of  the  same  magnitude,  whether  the  pocket  has 
been  overfilled  or  underfilled  in  that  time.  Of  course,  the  interval 
after  which  the  reactions  occur  is  greatly  influenced  by  the  rate  of  the 
circulation,  since  the  epinephrin-containing  blood  released  from  the 
pocket  will  take  longer  to  reach  the  reacting  structures  with  a  slow 
than  with  a  rapid  blood  flow.  With  a  very  slow  flow,  also,  the  blood 
collected  in  a  pocket  may  be  so  small  in  amount  that  it  is  not  promptly 
or  completely  passed  into  the  circulation  on  release  of  the  pocket.  It 
is  further  to  be  expected  that  below  a  certain  rate  of  flow  the  function 
of  the  adrenal  medullary  ceUs,  as  already  suggested,  will  be  interfered 
with.  In  that  case,  the  steadiness,  for  given  conditions,  in  the  out- 
put of  epinephrin  per  unit  of  time,  which  is  so  strikingly  manifested 
over  a  wide  range  in  the  rate  of  the  blood  flow,  will  no  longer  be 
maintained.  Our  experience  shows,  however,  that  this  point  is  not 
easily  reached. 

In  the  next  experiment  transection  was  made  about  two  segments 
lower  in  the  cervical  cord,  in  order  to  localize  more  sharply  the  level 
of  the  cord  concerned  in  the  spontaneous  secretion  of  epinephrin. 
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Experiment  3.  Condensed  Protocol. — Cat;  weight  3.175  kilos.  Recent  parturi- 
tion.   Left  superior  cervical  ganglion  excised  1  week  before  the  experiment, 

9.45  a.m.    4  gm.  of  urethane. 

10.45  a.m.  Tracheal  cannula  inserted  and  cervical  cord  exposed  between  fifth 
and  sixth  vertebrae.  Cava  pocket  prepared;  intestinal  and  renal  arteries  and 
abdominal  aorta  tied. 

11.30  a.m.  Left  pupil  wider  than  right,  both  nictitating  membr^es  forward; 
cat  breathing  quite  well,  but  for  uniformity  of  observations  artificial  respiration 
was  started. 


Time. 

Duration  of  fwcket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 

11.40 

Pocket  experiment. 

1 

min.,  30  sec. 

Doubtful. 

None. 

11.42 

(<                << 

2 

"     30     " 

None. 

« 

11.45 

((                « 

3 

u     45     u 

" 

« 

11.50 

«                 « 

5 

« 

« 

« 

p.m. 

12.05 

Pocket  experiment.*  Cord 
stimulated  with  needle 
electrodes  one  segment 
below  the  exposed  part 
for  3  min. 

3 

<< 

« 

« 

12.15 

Left     sympathetic     and 
vagus  cut  in  neck. 

12.17 

Right    sympathetic    cut 
in  neck. 

12.20 

Pocket  experiment. 

5 

tnin.,  30  sec. 

Very  good;   in 
10  sec. 

Very   good;    10 
sec. 

12.26 

«                i< 

1 

<< 

Good;  in  15  sec. 

Good;  15  sec. 

12.30 

(t                « 

2 

« 

Very  good;  in 
10.8  sec. 

Very  good;  10.8 
sec. 

12.37 

Spinal   cord   cut   just  be- 
low body  of  fifth  cervi- 
cal vertebra. 

12.41 

Pocket  experiment. 

2 

min. 

Very  good;   in 
15  sec. 

Very   good;    IS 
sec. 

12.45 

«                 « 

1 

« 

Good;  in  18.6 
sec. 

Good. 

*  With  each  period  of  stimulation  both  pupils  dilated  instantaneously,  and 
proportionally  to  the  same  extent,  but  the  left  pupil  still  remained  wider  than  the 
right.  After  section  of  both  cervical  sympathetics,  stimulation  of  the  cord  still 
caused  dilatation  of  both  pupils.  At  autopsy  it  was  found  that  the  cord  had  been 
cut  between  the  fifth  and  sixth  cervical  segments. 
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Time. 

Durationof  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 

12.50 

Major         and         minor 
splanchnics    in    abdo- 
men cut  on  both  sides. 

12.53 

PocKet  experiment. 

2  min. 

None. 

None. 

12.56 

<<                (t 

5     " 

Slight;  in  20-25 

« 

1.05 

Right  semilunar  ganglion 
excised;  nerves  coming 
to    left    ganglion    cut. 
Circulation        getting 
feeble. 

sec. 

1.12 

Pocket  experiment. 

5  min.,  30  sec. 

None. 

None. 

1.25 

«                « 

9    "     30     " 

Slight;  in  60-90 
sec. 

Slight. 

1.47 

i(                « 

24    " 

Slight;  in  40-45 
sec. 

2.25 

IC                                 (I 

25     " 

None. 

None. 

3.05 

with 
massage  of  adrenals. 

15     " 

<( 

« 

3.30 

Injected  0.5  cc.  of  1:1,- 
600,000  adrenalin. 

c< 

« 

3.35 

Injected   0.5    cc.    of    1: 
270,000  adrenalin. 

Shght;  in  40-50 
sec. 

Slight. 

In  this  animal  the  denervated  eye  reactions  were  employed  and  an 
interesting  preliminary  observation  was  made  upon  them  without 
some  reference  to  which  the  first  part  of  the  protocol  would  probably 
appear  as  puzzling  to  the  reader  as  the  observations  did  to  us  when 
they  were  being  made.  The  left  superior  cervical  ganglion  had 
been  excised  a  week  before  the  experiment.  The  eye  reactions  ought, 
therefore,  to  have  been  easily  obtained  in  the  pocket  experiments 
made  between  11.40  and  12.05  before  section  of  the  cord.  In  the 
numerous  observations  made  by  us,  we  have,  apart  from  this  experi- 
ment, scarcely  ever  had  a  negative  result,  especially  with  a  duration 
of  occlusion  of  the  pocket  as  long  as  5  minutes,  and  with  the  good 
blood  flow  and  satisfactory  filling  of  the  pocket  which  existed  in  this 
cat.  It  was  conceivable,  of  course,  that  for  some  reason  the  adrenals 
might  have  been  giving  off  much  less  epinephrin  than  usual;  or  that 
the  reactions  of  the  iris,  etc.,  might  have  been  unduly  depressed  by 
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the  anesthetic,  although  there  was  nothing  in  the  behavior  of  the 
aninial  to  indicate  that  the  urethane,  a  very  uniform  anesthetic,  as  is 
well  known,  had  affected  this  animal  at  all  differently  from  any  of 
the  others.  Desiring  to  increase  the  output  of  epinephrin  to  the 
maximum,  we  stimulated  the  cord  ^vith  needle  electrodes,  hoping 
thus  to  strike  the  secretory  path,  but  again  with  a  negative  result  as 
regards  the  eye  reaction.  Even  with  the  collection  of  adrenal  blood  in 
the  pocket  for  as  long  as  3  minutes  during  stimulation  no  eye  reac- 
tions were  obtained.  Stimulation  of  the  cord,  however,  caused  im- 
mediate dilatation  of  the  pupils  of  both  eyes.  This  dilatation  was 
still  eHcited  after  section  of  both  vago-sympathetics  in  the  neck,  and 
may  be  attributed  to  stimulation  of  afferent  fibers  in  the  cord.  But 
the  interesting  point  was  that  after  section  of  the  cervical  sympathetics 
excellent  eye  reactions  were  now  evoked  with  collections  of  adrenal 
blood  in  the  .cava  pocket  much  shorter  than  those  which  gave  a  nega- 
tive result  before  division  of  the  nerves.  The  most  probable  conclu- 
sion would  seem  to  be  that  some  small  part  of  the  superior  cer\ical 
gangUon  had  escaped  excision,  and  that  the  innervation  of  the  eye 
through  the  cervical  sympathetic  was  not  entirely  interrupted, 
although  it  was  impossible  to  verify  this  at  autopsy  on  account  of  scar 
tissue.  The  change  in  the  sensitive  structures  of  the  iris  and  nicti- 
tating membrane,  on  which  the  increased  power  of  reaction  to  adre- 
nalin depends,  must  be  assumed  to  have  developed  as  usual  after 
removal  of  the  ganglion,  although  prevented  from  manifesting  itself, 
even  in  the  presence  of  a  quantity  of  epinephrin  more  than  sufficient 
to  evoke  good  reactions,  until  the  control  of  the  remaining  sympa- 
thetic fibers  was  removed. 

It  will  be  seen  from  the  protocol  that  after  section  of  the  cord  be- 
tween the  fifth  and  sixth  cervical  segments  excellent  pupil  and  nic- 
titating membrane  reactions  were  still  obtained.  The  reactions  were 
not  noticeably  less  for  equal  periods  of  collection  of  blood  in  the 
pocket  than  before  the  section,  although  the  interval  after  which 
they  occurred  was  somewhat  lengthened,  corresponding  to  the  slower 
blood  flow.  Subsequent  di\dsion  of  the  major  and  minor  splanchnics 
in  the  abdomen  greatly  weakened  the  reactions  and  increased  the 
time  of  collection  necessary  to  elicit  even  a  feeble  response.  Further 
section  of  fibers  coming  to  the  adrenals  abolished  the  reactions  even 
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with  very  long  periods  of  collection.  This  was  not  due  to  total  loss 
of  sensitiveness  of  the  reactive  structures  in  the  eye.  For  even  at 
the  end  of  the  experiment  a  slight  but  definite  response  was  still  ob- 
tained on  injection  of  0.002  mg.  of  adrenalin. 

As  a  first  approximation  towards  defining  the  lower  Hmit  of  the 
region  of  the  cord  concerned  in  the  spontaneous  liberation  of  epi- 
nephrin  the  following  experiment  was  performed,  both  eye  reactions 
and  rabbit  segment  tests  being  employed. 

Experiment  4.  Condensed  Protocol. — Cat;  weight  1.72  kilos.  Left  superior 
cervical  ganglion  excised  8  days  before  the  experiment. 

10.00  a.m.     3.5  gm.  of  urethane. 

11.20  a.m.  Tracheal  cannula  inserted.  Cervical  and  dorsal  cord  exposed  for 
about  a  segment  at  each  point.  Long  cava  pocket  made  and  arteries  (renal, 
celiac,  mesenteric,  and  abdominal  aorta)  tied. 


Time. 

Duration  of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

p.m. 

12.15 

Pocket  experiment. 

1  min.,  10  sec. 

Good; in  8.8  sec. 

Positive;  11  sec. 

12.18 

<(                <( 

2     " 

Very   good;  in 
8.8  sec. 

Very  good;  8.8 
sec. 

12.22 

Cut   cord   between   fifth 
and  sixth  cervical  ver- 
tebrae. 

12.32 

Pocket  experiment. 

1  min.,  45  sec. 

Very   good;  in 
10.8  sec. 

Very  good  (a  lit- 
tle later). 

12.35 

«                « 

2     " 

Very   good;  in 
11.2  sec. 

Very  good  (a  Ut- 
tle  later). 

12.40 

Cut  cord  at  fourth  dorsal 
vertebra. 

• 

12.49 

Pocket  experiment. 

2  min. 

None. 

None. 

12.55 

In   the  last   two   pocket 
observations  the  filhng 
was    slower    than    be- 
fore. 

3    " 

« 

« 

1.07 

Pocket  experiment  with 

3  min. 

Very  good;  in 

Very  good;  20.2 

stimulation  of  cord  be- 

20.2 sec. 

sec. 

tween   fifth  and   sixth 

dorsal  vertebrae. 

; 

1.20  p.m.     Put  cannula  in  lower  end  of  cava,  making  a  short  pocket,   and 
collected  two  specimens  of  adrenal  blood.     First  specimen,  1.6  gm.  in  5  min., 
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45  sec.  (0.3  gm.  per  min.);  second  specimen,  3.7  gm.  in  20  min.  (0.2  gm.  per 
min.).  With  the  pocket  still  cHpped  off,  blood  was  obtained  from  the  abdom- 
inal aorta. 

The  left  adrenal  weighed  0.214  gm.  and  contained  0.12  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.238  gm.  and  contained  0.12  mg.  of  epinephrin. 

The  experiment  shows  that  after  transection  of  the  cord  between 
the  fifth  and  sixth  cer\'ical  vertebrae  (through  the  fifth  cervical  seg- 
ment, just  below  the  fifth  pair  of  nerve  roots,  as  found  at  autopsy)  the 
eye  reactions  were  ehcited  by  the  adrenal  blood,  apparently  in  the  same 
strength  for  a  given  time  of  closure  of  the  cava  pocket  as  before  the 
section,  although  the  interval  between  release  of  the  pocket  and  the 
beginning  of  the  pupil  dilatation  was  somewhat  lengthened,  as  would 
necessarily  be  the  case  owing  to  the  lowered  blood  pressure  and  di- 
minished speed  of  the  blood.  When  the  cord  was  now  cut  between 
the  fourth  and  fifth  dorsal  vertebrae  (between  the  third  and  fourth 
segments,  as  shown  at  autopsy)  no  eye  reactions  could  be  obtained 
even  with  longer  periods  of  occlusion  of  the  pocket  than  sufficed  to 
cause  excellent  reactions  just  before.  That  the  negative  result  was 
not  due  to  diminished  blood  flow,  but  that  the  adrenals  were  still 
capable  of  secreting  epinephrin  actively,  was  proved  by  stimulating 
the  cord  electrically  by  needle  electrodes  inserted  one  above  the  fifth, 
and  the  other  above  the  sixth  dorsal  spine  while  the  adrenal  blood  was 
being  collected  in  the  pocket.  Very  good  eye  reactions  followed  the 
opening  of  the  pocket,  naturally  after  a  longer  interval  than  before 
the  dorsal  section,  corresponding  to  the  slower  blood  flow.  The  adre- 
nal blood  specimens  now  drawn  off  were  so  small  that  it  was  not 
quite  certain  whether  some  of  the  epinephrin  in  them  might  not  have 
been  liberated  during  the  manipulations  in  inserting  the  cannula. 
Despite  this,  however,  the  concentration  fotmd  even  in  the  first  speci- 
men was  somewhat  less  than  1 :  17,000,000,  corresponding  to  an  output 
of  epinephrin  per  minute  of  0.00002  mg.;  that  is,  far  below  any  con- 
centration or  output  ever  met  with  in  the  cat  with  intact  adrenal 
innervation. 

The  experiments  next  to  be  considered,  in  which  the  animals  were 
allowed  to  sur\'ive  2  or  3  days  after  the  cord  section^  before  the  epi- 
nephrin output  was  tested,  so  that  any  possible  irritative  discharge 

^  All  the  operations  were  performed  under  ether  anesthesia. 
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might  be  eliminated,  yield  clear  evidence  that  transection  of  the 
dorsal  cord  at  the  level  mentioned  in  the  last  experiment,  or  even  a 
segment  higher  reduces  the  rate  of  Uberation  almost  to  zero.  Tran- 
section one  segment  lower  abob'shed  the  liberation  entirely,  or  at  least 
reduced  it  so  much  that  no  epinephrin  could  be  detected  in  the  adre- 
nal blood  by  sensitive  rabbit  intestine  and  uterus  segments.  The 
upper  limit  of  the  portion  of  the  cord  related  to  the  spontaneous  lib- 
eration of  epinephrin  was  also  further  defined  by  survival  experiments 
and  these  may  be  taken  first. 

Experiment  5.  Condensed  Protocol. — Cat;  weight  2.17  kilos.  Cord  tran- 
sected at  the  level  of  the  body  of  the  last  cervical  vertebra  3  days  before  the 
experiment.  Animal  in  fairly  good  condition.  Anesthetized  with  ether  for  the 
insertion  of  the  tracheal  cannula;  thereafter  no  more  ether  was  required  as  the 
operative  field  was,  of  course,  absolutely  anesthetic  because  of  the  previous 
spinal  cord  section.  Cava  pocket  made  with  ligation  of  all  the  usual  arteries. 
Cannula  inserted  in  lower  end  of  pocket  (short  pocket)  and  the  following  sam- 
ples of  adrenal  blood  collected. 


No.  of  adrenal 
specimen. 

Blood  collected . 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

2.4 

4  min.,  50  sec. 

0.5 

2 

2.2 

7     "      30      " 

0.3 

3 

2.1 

9     " 

0.23 

4 

2.2 

17     "     30     " 

0.13 

While  the  pocket  was  still  clipped  off  blood  was  obtained  from  the  abdominal 
aorta.  While  the  pocket  was  being  tied  off  some  blood  was  left  in  it  and  the  first 
adrenal  specimen  was  therefore  somewhat  diluted.  The  kutopsy  showed  that 
the  cord  had  been  divided  between  the  last  cervical  and  the  first  thoracic  segments. 
Combined  weight  of  adrenals  0.362  gm. 

In  sur\ival  experiments  it  is  not  so  easy  as  in  acute  experiments  to 
decide  whether  transections  of  the  cer\ical  cord  leave  the  rate  of 
liberation  of  epinephrin  unaltered,  or  somewhat  diminish  it  because 
the  rate  before  and  after  the  section  cannot  be  compared  on  the  same 
animal  within  a  short  interval  of  time.  All  that  can  be  done  is  to 
determine  whether  the  residual  output  after  the  cervical  section  is 
within  the  range  established  for  animals  under  the  same  experimental 
conditions,  but  with  intact  central  nervous  system.     In  Experiment 
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5,  as  will  be  seen  from  the  specimens  of  rabbit  intestine  and  uterus 
tracings  reproduced  in  Figs.  4  to  6,  concentrations  of  epinephrin 
within  the  normal  range-  were  found  in  the  adrenal  blood  sam- 
ples collected  after  section  of  the  cervical  cord  between  the  last  cer- 
\dcal  and  the  first  thoracic  segments. 

The  adrenahn  assays  on  the  intestine  segments  gave  a  concentra- 
tion, in  the  fourth  adrenal  specimen,  of  about  1:  1,500,000  (Fig.  4, 
Observation  19;  Fig.  5,  Observation  27);  and  in  the  second  adrenal 
specimen  a  concentration  greater  than  1:2,500,000  and  less  than 
1:1,500,000  (Fig.  4,  Observation  21;  Fig.  5,  Observations  29  and 
27).  Taking  the  concentration  in  the  second  specimen  as  1 :  2,000,000, 
we  get  a  liberation  of  epinephrin  per  minute  of  not  quite  0.0002  mg. 
(0.0001  mg.  per  kilo  of  body  weight).  It  may  be  considered  certain 
that  the  output  which  the  glands  would  have  been  capable  of  main- 
taining -v^ath  a  more  nearly  normal  blood  flow  was  at  any  rate  not  less 
than  this.  It  might  have  been  more,  since  as  already  mentioned, 
we  rarely  encounter  concentrations  of  more  than  1 :  1,000,000  in 
adrenal  blood  collected  under  our  experimental  conditions;  and  there- 
fore the  point  might  already  have  been  passed  at  which  the  decUn- 
ing  blood  flow  can  be  compensated  by  increased  concentration  of 
epinephrin. 

The  fact  that  it  was  not  necessary  to  administer  an  anesthetic  in  order  to  col- 
lect the  adrenal  blood  in  this  animal,  since  the  cord  section  had  rendered  the  oper- 
ative field  totally  insensitive,  has  probably  no  bearing  on  the  question  whether 
the  rate  of  output  was  somewhat  diminished  by  the  cervical  section.  For  al- 
though some  writers  have  assumed  that  anesthetics  markedly  increase  the  rate 
of  liberation  of  epinephrin,  there  is  no  real  proof  of  this.  In  any  case,  if  the 
anesthetic  exerts  its  effect  through  the  higher  parts  of  the  central  nervous  sys- 
tem, the  administration  of  an  anesthetic  could  not  have  increased  the  output  of 
epinephrin  in  this  animal.  In  reference  to  the  experiments  (Nos.  1  to  4) 
in  which  the  epinephrin  output  was  determined  immediately  after  section  of 
the  cervical  cord,  it  might  be  asked,  however,  whether  the  anesthetic  had  not 
already  abolished  the  activity  of  any  portion  of  the  brain  or  bulb  which  might 
be  related  to  the  epinephrin  secretion.  Division  of  the  cervical  cord  would  in 
that  case  cause  no  diminution  in  the  output  of  epinephrin  if  made  above  the  level 
of  the  spinal  center.  An  assumption  equally  plausible,  but  at  present  equally 
devoid  of  experimental  basis,  is  that  anesthetics  abolish  or  lessen  an  inhibition 
of  the  spinal  center  from  a  center  in  the  brain.  On  this  hypothesis,  the  output 
of  epinephrin  seen  after  cervical  cord  section  would  be  considered  as  greater, 
not  smaller,  than  the  normal  output  with  intact  central  nervous  system. 
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The  progressive  increase  in  the  concentration  of  epinephrin  in  suc- 
cessive adrenal  blood  samples  associated  with  gradual  diminution  in 
the  rate  of  blood  flow  is  well  brought  out  in  the  intestine  tracings 
reproduced  in  Fig.  4,  and  still  better  in  the  uterus  tracings  in  Fig. 
6.  This  phenomenon  and  what  underUes  it — the  stability  in  the  rate 
of  epinephrin  discharge — is  so  characteristic  when  adrenal  blood  is 
collected  with  intact  central  nervous  system,  that  its  occurrence 
after  spinal  section  lends  support  to  the  conclusion  that  the  secre- 
tion of  epinephrin  when  the  connection  of  the  cord  with  the  brain 
has  not  been  interrupted  is  also  sustained  largely,  if  not  entirely,  from 
the  cord. 

In  the  next  experiment  the  eye  reactions  were  studied  in  a  cat  2 
days  after  section  of  the  cord  just  above  the  body  of  the  seventh 
cervical  vertebra. 

• 

Experiment  6.  Condensed  Protocol. — Cat;  weight  2.825  kilos.  Left  superior 
cervical  ganglion  excised  1  week,  and  spinal  cord  divided  2  days  before  the  ex- 
periment, just  above  the  body  of  the  last  cervical  vertebra. 

10.00  a.m.  Anesthetized  with  ether  while  the  tracheal  cannula  was  being  in- 
serted; thereafter  no  more  ether  was  required  as  the  operative  field  was  neces- 
sarily absolutely  insensitive  because  of  the  previous  section  of  the  cord. 

10.05  a.m.  The  abdomen  was  opened  and  the  cava  pocket  made,  all  the  usual 
arteries  being  tied. 


Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 
10.28 

Pocket  experiment. 

1  min. 

Small;     in    20 
sec. 

Small  (shortly 
after  pupil). 

10.30 

«               « 

2    " 

Good;  in  15  sec. 

Good;  15  sec. 

10.45 

Injected  0.5  cc.  (1:330,000)  of 

Very  good;  in 

Very  good;    15 

adrenalin  into  jugular  vein. 

15  sec. 

sec. 

10.50 

Injected  0.25  cc.  (1:  330,000)  of 
adrenalin  into  jugular  vein. 
The   eye   reacrions  after  this 
injection  were  about  the  same 
or  slightly  less  than  in  the  ob- 
servation at  10.30  a.m. 

Good;  in  17.2 
sec. 

Good;  17.2  sec. 

10.55 

Pocket  experiment. 

1  min. 

Very  slight;  in 
25  sec. 

None. 

10.58 

The     re- 
actions were  about  the  same 
as  at  10.50  a.m. 

2     " 

Good;     in    21 
sec. 

Good;  21  sec. 

G.    N.    STEWART  AND   J.    M.    ROGOFF 


627 


Time. 

Duration  of 
pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 

11.02 

Pocket  experiment.     The  reac- 

3 min.,  40 

Very  good;  in 

Very  good;  16.8 

tions  were  about  the  same  as 

sec. 

16.8  sec. 

sec. 

at  10.45  a.m. 

11.10 

Cut  nerves  to  both  semilunar 
ganglia  in  abdomen. 

11.20 

Pocket  experiment.    Pocket  not 
so  well  filled  as  before. 

3  min. 

None. 

None. 

11.25 

Pocket  experiment.     The  reac- 
tion was  about  the  same  as  at 
10.58  a.m. 

5     " 

Distinct;       in 
23.4  sec. 

Distinct. 

11.30 

Both   semilunar   ganglia  extir- 
pated. 

11.37 

Pocket  experiment. 

5  min. 

None. 

None. 

11.45 

Pocket  filled 
very  slowly. 

8     " 

Slight;    in    41 
sec. 

« 

11.55 

Cut  lumbar  sympathetic  chain 
just  below  diaphragm. 

12.00 

Pocket  experiment.     Very  poor 
flow. 

25  min. 

Slight;    in    90 
sec. 

None. 

p.m. 

12.50 

Pocket  experiment.   Better  flow. 

10     " 

Slight;    in    60 
sec. 

« 

The  autopsy  showed  that  the  cord  was  divided  through  the  seventh  cervical 
segment,  immediately  below  the  origins  of  the  seventh  pair  of  nerves. 

The  fact  that  adrenal  blood  collected  in  the  cava  pocket  caused 
good  eye  reactions  was  ascertained.  It  was  shown  by  the  injection 
of  adrenaUn  solution  that  the  amount  of  epinephrin  secreted  per 
minute  was  about  0.0004  mg.  (0.00015  mg.  per  kilo  of  body  weight 
per  minute) ;  this  is  a  substantial  output,  although  considerably  less 
than  the  average,  as  estimated  by  eye  reactions,  in  cats  with  intact 
central  nervous  system.^  Various  nerves  going  to  the  adrenals  were 
then  divided  and  the  effect  in  diminishing  the  eye  reactions  was  noted. 
After  division  of  the  fibers  coming  to  the  semilunar  gangha,  the  eye 
reactions  eHcited  by  adrenal  vein  blood  collected  in  the  cava  pocket 
were  markedly  diminished.  A  3  minute  collection  gave  no  reactions, 
whereas  before  the  nerve  section  a  1  minute  collection  caused  a  slight 

*  Stewart  and  Rogofif,  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  479. 
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effect  on  the  pupil,  and  a  2  minute  collection  good  dilatation  of  the 
pupil  and  retraction  of  the  nictitating  membrane.  After  removal  of 
both  semilunar  ganglia,  which,  of  course,  insured  the  section  of  any 
strands  coming  to  the  ganglia  overlooked  in  the  previous  section,  a 
5  minute  collection  of  adrenal  blood  caused  no  eye  reactions,  although 
previously  a  2  minute  collection  gave  good  reactions.  On  release  of 
a  pocket  occluded  for  8  minutes,  a  small  dilatation  of  the  pupil  was 
obtained. 

In  connection  with  the  fact  that  shght  eye  reactions  were  still 
elicited  with  long  periods  of  closure  of  the  cava  pocket  even  after 
extensive  section  of  possible  nerve  paths  to  the  adrenal  glands,  it 
must  be  pointed  out  that  these  nerve  sections  entail  considerable 
manipulation  of,  and  in  the  neighborhood  of,  the  adrenals.  With 
the  slow  blood  flow  toward  the  end  of  the  experiment,  epinephrin  lib- 
erated by  massage  would  take  long  to  be  completely  washed  out. 
It  may  be  concluded  that  even  the  feeble  reactions  obtained  after 
these  nerve  sections  were  not  due  entirely  to  genuinely  secreted 
epinephrin.  Survival  experiments  published  elsewhere^  have  shown 
that  the  epinephrin  output  after  section  of  the  adrenal  nerves  is  either 
abolished  or  reduced  so  much  as  to  be  incapable  of  detection  by  sen- 
sitive rabbit  intestine  and  uterus  segments.  On  the  other  hand,  in 
acute  experiments  after  the  same  nerve  sections,  although  the  out- 
put of  epinephrin  is  greatly  reduced,  a  content  capable  of  detection  is 
usually  still  found  in  adrenal  blood. 

It  may,  therefore,  be  confidently  assumed  that  the  whole  output 
of  epinephrin  from  the  adrenals  after  section  of  the  cervical  cord  near 
its  lower  limit  is  mediated  through  the  same  nerves  which  are  con- 
cerned in  the  liberation  with  intact  nervous  system. 

The  last  two  survi\'al  experiments  to  be  quoted  were  made  for  the 
purpose  of  defining  more  exactly  the  lower  limit  of  the  spinal  region 
concerned  in  the  epinephrin  secretion. 

Experiment  7.  Condensed  Protocol. — Cat;  weight,  1.59  kilos.  Left  superior 
cervical  ganglion  excised  6  days  before  the  experiment  and  spinal  cord  transected 
between  the  fifth  and  sixth  thoracic  vertebrae  3  days  before  the  experiment. 
Condition  good.  The  autopsy  showed  cord  section  between  the  fifth  and  sixth 
thoracic  seginents. 

2.00  p.m.     Ether  was  given  while  the  tracheal  and   jugular    cannulas  were 
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inserted.  Thereafter  no  more  ether  was  required  as  the  operative  field  was,  of 
course,  totally  insensitive  owing  to  the  cord  section.  A  specimen  of  jugular 
blood  was  obtained.  A  long  cava  pocket  was  prepared;  the  renal  arteries  and 
abdominal  aorta  were  tied. 

2.45  p.m.     Pocket  experiment,  1  minute,  25  seconds.     No  eye  reactions. 

2.48  p.m.     Pocket  experiment,  3  minutes,  20  seconds.     No  eye  reactions. 

The  blood  flow  was  good;  the  pocket  filled  well. 

3.00  p.m.  Intestinal  arteries  tied.  Cannula  put  in  lower  end  of  pocket  (now 
made  into  a  short  pocket).     Adrenal  blood  specimens  collected  as  follows: 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Blood  flow  per  min. 

gm. 

gm. 

1 

1.5 

1  min.,  25  sec. 

1.0 

2 

3.2 

4     "      30     " 

0.7 

3 

3.5 

10     " 

0.35 

4 

2.2 

10     " 

0.22 

Through  a  cannula  in  the  jugular  vein  inserted  under  ether  anesthesia  the 
following  injections  were  made:  0.5  cc.  (1:  500,000)  of  adrenalin;  good  pupil  and 
nictitating  reactions  in  15  seconds.  0.2  cc.  (1:  500,000)  of  adrenalin;  small  nicti- 
tating reaction  in  17  seconds;  small  pupil  reaction  in  25  seconds.  While  the 
pocket  was  still  clipped  off  blood  was  obtained  from  the  abdominal  aorta. 

Left  adrenal  weighed  0.206  gm.  and  contained  0.20  mg.  of  epinephrin;  the 
right  adrenal  weighed  0.194  gm.  and  contained  0.18  mg.  of  epinephrin. 

In  this  cat  3  days  after  transection  of  the  cord  between  the  fifth 
and  sixth  thoracic  segments  no  eye  reactions  could  be  evoked  by 
adrenal  blood  even  w^ith  relatively  long  periods  of  collection  in  the 
cava  pocket,  periods  vi^hich  would  certainly  have  given  good  reactions 
either  with  intact  central  nervous  system  or  with  the  cord  cut  in  the 
cervical  region.  The  reactions  were  not  lacking  because  the  iris 
and  nictitating  membrane  were  incapable  of  responding  to  small  quan- 
tities of  epinephrin.  For  even  at  an  advanced  period  in  the  experi- 
ment, after  the  vdthdrawal  of  several  samples  of  adrenal  blood  through 
a  cannula  in  the  cava,  good  eye  reactions  were  obtained  on  injection 
of  0.001  mg.  of  epinephrin,  and  quite  detectable  reactions  on  injec- 
tion of  0.0004  mg.  Tested  with  rabbit  intestine  and  uterus  seg- 
ments, the  adrenal  blood  gave  a  negative  result  (Fig.  7,  Observation 
27;  Fig.  8,  Observations  6  and  12),  although  a  concentration  of  epi- 
nephrin of  1 :  60,000,000  (Fig.  8,  Observation  37)  could  easily  have 
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been  detected  by  the  intestine.  There  was  evidence  that  the  adre- 
nal blood  (third  specimen)  could  not  have  contained  even  1 :  100,000,- 
000  epinephrin,  corresponding  to  an  output  of  at  most  0.000003  mg. 
per  minute,  not  one-hundredth  of  the  output  to  be  expected  in  a 
normal  cat  under  the  experimental  conditions.  It  must  be  repeated 
that  there  was  no  evidence  that  any  epinephrin  was  being  discharged 
by  the  adrenals.  Nothing  could  be  more  striking  than  the  contrast 
between  the  concentration  and  output  per  minute  of  epinephrin  in 
this  cat  and  in  those  whose  spinal  cord  was  transected  towards  the 
lower  level  of  the  cervical  region.  For  instance,  the  concentration  in 
the  second  adrenal  specimen  in  Experiment  5  was  1:2,000,000;  and 
the  calculated  output  per  minute,  0.0002  mg.  Even  when  the  cord 
was  di\'ided  (Experiment  8)  two  segments  higher  in  the  dorsal  region, 
through  the  third  thoracic  segment,  although  a  slight  epinephrin  lib- 
eration was  detected  by  intestine  segments,  the  output  was  enor- 
mously reduced  (to  0.000006  mg.  per  minute). 

Experiment  8.  Condensed  Protocol. — Cat;  weight  3.65  kilos.  Left  superior 
cervical  ganglion  excised  10  days  before  the  experiment.  Spinal  cord  transected 
between  the  third  and  fourth  dorsal  vertebras  3  days  before  the  experiment. 
Condition  excellent.  Ether  anesthesia  was  used  throughout  the  experiment. 
Long  cava  pocket  prepared  in  the  usual  manner,  renal,  celiac,  and  mesenteric, 
arteries,  and  abdominal  aorta  being  tied. 


Time. 

Duration 

of  pocket. 

Pupil  dilatation. 

Reaction  of  nictitat- 
ing membrane. 

a.m. 

11.00 

1  min., 

20  sec. 

None. 

None. 

11.05 

1     " 

50    " 

.i( 

(( 

11.10 

3     " 

t( 

« 

11.15 

5     " 

u 

« 

11.30 

Injected  0.5  cc.  (1:530,- 
000)  of  adrenalin  into 
jugular  vein. 

E.xcellent; 
10.6  sec. 

in 

Excellent;    10.6 
sec. 

11.35 

Injected  0.2  cc.   (1:530,- 
000)  of  adrenalin  into 
jugular  vein. 

Very  good; 
14.8  sec. 

in 

Very  good;  14.8 
sec. 

11.38 

Injected     0.5   cc.    (1:2,- 
000,000)    of   adrenalin 
into  jugular  vein. 

Small;     in 
sec. 

22 

None. 

11.40 

Injected  0.5    cc.    (1:2,- 
000,000)    of   adrenalin 
into  jugular  vein. 

Small;    in 
sec. 

22 

(( 
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11.55  a.m.     Obtained  indifferent  blood  from  the  other  jugular. 
12.00  m.     Inserted  cannula  in  cava   (short  pocket)    and    collected    adrenal 
blood  as  follows: 


No.  of  adrenal  specimen. 

Blood  collected. 

Time  of  collection. 

Hlood  flow  per  min. 

gm. 

gm. 

1 

3.6 

2  min. 

1.8 

2 

8.8 

6    " 

1.46 

3 

5.0 

6    " 

0.83 

4 

5.5 

7     "     30  sec. 

0.73 

5 

4.0 

6     " 

0.66 

While  the  pocket  was  still  clipped  off  a  second'  specimen  of  indifferent  blood 
(jugular)  was  obtained.  The  autopsy  showed  that  the  spinal  section  (between 
the  third  and  fourth  dorsal  vertebras)  was  through  the  origins  of  the  third  pair  of 
thoracic  nerves.  The  bloods  were  tested  on  rabbit  segments.  The  right  adrenal 
weighed  0.200  gm.  and  contained  0.18  mg.  of  epinephrin;  the  left  adrenal  weighed 
0.208  gm.  and  contained  0.18  mg.  of  epinephrin. 

The  concentration  of  epinephrin  in  the  third  adrenal  specimen  (Fig.  9,  Obser- 
vation 30)  was  distinctly  less  than  1:135,000,000  (Observation  32),  and  very 
much  less  than  1 :  70,000,000  (Observation  28) .  The  concentration  in  the  fifth 
adrenal  specimen  was  somewhat  greater  than  1 :  135,000,000.  The  eye  reactions 
were  negative,  even  when  the  cava  pocket  was  closed  for  as  much  as  5  minutes, 
although  the  injection  of  0.00025  mg.  of  epinephrin  gave  a  definite  pupil  dilata- 
tion, and  the  injection  of  0.0004  mg.  a  very  good  dilatation  of  the  pupil  and  re- 
traction of  the  nictitating  membrane. 

The  results  of  the  whole  series  of  experiments  are  singularly  con- 
sistent, particulariy  in  view  of  the  fact  that  there  has  been  no  selec- 
tion of  experiments.  The  eight  experiments  comprise  all  those  per- 
formed, except  one  which  has  not  been  reported  because  the  animal 
died  before  it  was  satisfactorily  completed.^    The  results  indicate 

"  In  this  animal  the  cord  was  divided  between  the  second  and  third  thoracic 
vertebras,  just  below  the  origins  of  the  second  thoracic  nerves,  or  nearly  a 
segment  higher  than  the  highest  dorsal  section  in  the  e.xperiments  reported. 
3  days  afterwards  the  eye  reactions  (the  left  superior  cervical  gangUon  had 
been  excised  a  week  before  the  experiment)  were  found  negative  with 
collections  in  the  cava  pocket  up  to  more  than  3  minutes,  although  very 
good  pupil  and  nictitating  reactions  were  elicited*  by  injection  of  0.0015  mg.  of 
epinephrin,  and  slight  reactions  by  the  injection  of  0.0006  mg.  The  blood  flow 
at  the  time  of  these  observations  was  quite  satisfactory,  but  the  animal  died  be- 
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clearly  that  there  exists  in  the  cord  between  the  last  cervical  segment 
and  the  fourth  thoracic  see^nent  a  mechanism  which  sustains  the 
output  of  epinephrin  from  the  adrenal  glands  after  the  cord  is  severed 
from  the  higher  parts  of  the  central  nervous  system.  The  experi- 
ments prove  definitely  that  the  center  does  not  extend  lower  than  the 
thoracic  segment  mentioned,  and  that  at  least  an  important  part  of 
it  lies  below  the  level  of  the  last  cervical  segment.  The  possibility, 
however,  is  not  excluded  that  the  center  may  extend  for  some  dis- 
tance above  the  last  cervical  segment.  It  is  of  interest  in  connection 
with  the  currently  accepted  view  of  the  development  of  the  adrenal 
medulla,  that  the  portion  of  the  cord  at  which  the  sympathetic  outflow 
begins  should  be  identified  as  a  center  controlling  the  liberation  of 
the  only  constituent  of  its  secretion  hitherto  definitely  recognized.  If 
epinephrin  in  the  quantities  and  concentrations  in  which  it  appears  in 
the  adrenal  blood  could  be  shown  to  fulfil  an  important  office  in  main- 
taining the  function  of  the  sympathetic  by  activating  certain  of  its 
elements,  or  by  heightening  or  prolonging  the  effects  resulting  from  its 
excitation,  the  location  of  an  epinephrin  center  in  the  sympathetic 
region  of  the  cord  might  perhaps  acquire  a  new  significance.^    It  might 

fore  adequate  adrenal  blood  samples  could  be  drawn  off  from  the  cannula  in  the 
cava.  The  small  quantity  of  adrenal  blood  obtained  while  the  blood  was  flowing 
very  slowly  showed  a  good  concentration  of  epinephrin  as  tested  on  the  rabbit 
segments.  Since  the  eye  reactions  cannot  in  general  detect  outputs  of  epinephrin 
easUy  detectable  by  the  rabbit  segments,  this  result,  although  no  great  stress 
can  be  laid  upon  it  in  the  absence  of  better  samples  of  adrenal  blood,  is  quite  con- 
sistent with  the  general  conclusion  deduced  from  the  other  experiments  as  to  the 
position  and  limits  of  the  portion  of  the  cord  concerned  in  epinephrin  secretion 
from  the  adrenals. 

^It  is  difficult  to  demonstrate  that  the  epinephrin  spontaneously  liberated 
from  the  adrenals  has  any  effect  upon  the  blood  pressure  unless  its  action  is  ac- 
cumulated by  collecting  the  adrenal  blood  in  a  cava  pocket  and  then  releasing 
it.  The  majority  of  recent  observers  have  not  seen  any  change  in  the  blood 
pressure  when  the  adrenal  veins  are  carefully  clipped.  On  the  denervated  eye, 
however,  we  have  observed  a  phenomenon  which  indicates  that  even  the  small 
concentrations  of  epinephrin  which  can  exist  in  the  capillary  blood  when  the 
adrenal  blood  is  passing  steadily  into  the  circulation  without  being  accumulated 
in  the  cava  pocket  can  produce  a  demonstrable  effect  upon  these  extraordinarily 
sensitive  objects.  When  the  pupil  has  been  dilated  or  the  nictitating  membrane 
retracted  by  release  of  adrenal  blood  collected  in  the  cava  pocket,  the  dilatation 
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then  be  permissible  to  speculate  upon  the  possibility  that  the  relative 
constancy  of  the  epinephrin  discharge,  so  puzzling  on  the  hypothesis  that 
it  directly  influences  physiological  events  in  virtue  of  the  truly  gross 
changes  necessary  to  produce  a  detectable  hyper-  or  hypoadrenalin- 
emia,  is  associated  with  a  more  general  and  permanent  action  upon 
the  sympathetic  mechanisms,  which  does  not  entail  the  necessity  of 
abrupt  outbursts  and  remissions  in  the  rate  of  Hberation.  To  em- 
ploy a  simile  which  is  doubtless  excessi^'■ely  crude :  if  epinephrin  is  not 
the  horse  in  the  sympathetic  machine,  which  must  go  now  faster,  now 
slower;  nor  even  the  whip  which  must  sometimes  be  wielded  vigor- 
ously and  then  be  laid  aside,  is  it  not  perhaps  the  lubricant  which, 
whether  the  axle  turns  fast  or  slow,  need  not  vary  much  in  amount? 
The  possibility  must,  however,  not  be  lost  sight  of,  that  epinephrin 
although  the  first  definite  constituent  of  the  adrenal  secretion  to  be 
discovered  is  not  the  only,  nor  the  most  important  one  which  exists. 
It  is  difficult  to  conceive  of  a  nervous  control  so  complete  as  that 
which  governs  the  output  of  epinephrin  being  developed  in  the  case 
of  a  substance  functionally  unimportant.  Yet,  as  we  have  shown 
in  another  place,-  the  output  of  epinephrin  from  the  adrenals  in  cats 
is  greatly  and  permanently  reduced  or  abolished  by  section  of  the  adre- 
nal nerves  without  apparently  interfering  with  the  life  or  health  of 
the  animal.  Section  of  the  dorsal  cord  which,  as  has  been  shown  above, 
produces  a  similar  effect  upon  the  output  of  epinephrin  is  also  well 
known  to  be  compatible  with  good  health  and  long  survival.  Is  there 
perhaps  some  as  yet  unknown  substance  of  more  importance  than 
epinephrin  which  is  normally  given  off  from  the  adrenals  under  the 
influence  of  nerves,  the  secretion  of  which  is  eventually  resumed  after 
the  nerves  have  been  severed? 

SUMMARY. 

1.  After  section  of  the  spinal  cord  in  cats  in  the  cervical  region,  as 
low  as  the  last  cervical  segment,  epinephrin  continues  to  be  liberated 
from  the  adrenal  glands.     This  liberation  has  all  the  characters  of 

of  the  pupil  disappears  more  slowly  and  the  nictitating  membrane  comes  forward 
more  gradually  when  the  pocket  is  left  open  than  when  it  is  clipped.  Obviously, 
the  steadily  liberated  epinephrin  exerts  an  effect  in  prolonging  the  reactions  once 
they  have  been  elicited. 
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the  normal  secretion  with  intact  central  nervous  system.  It  is  sus- 
tained through  the  same  nerve  paths  connecting  the  cord  with  Lhe 
adrenals. 

2.  After  section  of  the  cord  in  the  middorsal  region  the  spontaneous 
liberation  of  epinephrin  from  the  adrenals  is  abolished  within  the 
limits  of  detectability  by  the  methods  employed  (denervated  eye  re- 
actions of  Meltzer,  and  rabbit  intestine  and  uterus  segments).'' 

3.  The  portion  of  the  cord  concerned  in  the  Hberationof  epinephrin 
does  not  appear  to  extend  much  below  the  third  thoracic  segment. 

4.  In  acute  experiments  on  cats  under  urethane  anesthesia  no 
change  in  the  rate  of  liberation  of  epinephrin,  which  could  be  detected 
by  the  tests  employed,  was  observed  when  the  cord  was  severed  in 
the  cervical  region. 

EXPLANATION  OF  PLATES. 
Plate  44. 

Fig.  1.  Intestine  tracings.  Blood  from  a  cat.  At  2  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  3  by  the  second  adrenal  blood  specimen, 
collected  with  intact  spinal  cord.  At  6  and  9  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  7  and  10  by  the  sixth  and  eighth  adrenal  blood  speci- 
mens respectively,  collected  after  section  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  four  volumes  of  Ringer's 
solution.     Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  cat  used  for  Fig.  1.  At  35 
Ringer's  solution  was  replaced  by  arterial  blood,  and  this  at  36  by  the  second  ad- 
renal blood  specimen,  collected  before  section  of  the  cord.  At  43  Ringer's  solu- 
tion was  replaced  by  arterial  blood,  and  this  at  44  by  the  third  adrenal  blood 
specimen,  collected  just  after  transection  of  the  cord  between  the  fourth  and  fifth 
cervical  segments.  All  the  bloods  were  diluted  with  three  volumes  of  Ringer's 
solution.  At  37  Ringer's  solution  was  replaced  by  arterial  blood  diluted  with 
three  volumes  of  Ringer's  solution,  and  this  at  38  by  arterial  blood  to  which  ad- 
renalin had  been  added  to  make  up  a  concentration  of  1 :  13,000,000,  the  adrenalin 
blood  being  then  diluted  with  three  volumes  of  Ringer's  solution.  Reduced 
one-third. 

^  We  have  since  found  that  semisection  of  the  cord  (between  the  fourth  and 
fifth  dorsal  segments  in  one  cat,  between  the  third  and  fourth  segments  in 
another)  abolished  the  liberation  of  epinephrin  from  the  adrenal  of  the  same 
side  without  affecting  the  liberation  from  the  other  adrenal. 
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Plate  45. 


Fig.  3.  Intestine  and  uterus  tracings.  Blood  of  the  same  cat  used  for  Figs. 
1  and  2.  At  19  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  20 
by  the  eighth  adrenal  blood  sample,  collected  after  section  of  the  cord  between 
the  fourth  and  fifth  cervical  segments.  Both  bloods  were  diluted  with  eight 
volumes  of  Ringer's  solution.  At  21  and  23  Ringer's  solution  was  replaced  by 
adrenalin  in  jugular  blood,  made  up  to  1  :  1,600,000  and  1  :  800,000,  respectively, 
and  then  diluted  with  eight  volumes  of  Ringer's  solution.  4,  5,  and  6  are  uterus 
tracings.  At  4  Ringer's  solution  was  replaced  by  the  eighth  adrenal  blood  spec- 
imen, at  5  by  the  second,  and  at  6  by  indifferent  (arterial)  blood;  all  were  diluted 
with  seven  volumes  of  Ringer's  solution.     Reduced  one-third. 

Fig.  4.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  last  cervical  and  first  thoracic  segments.  At  18,  20,  and  22  Ringer's 
solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  19,  21,  and  23  by 
the  fourth,  second,  and  third  adrenal  specimens,  respectively.  All  the  bloods 
were  diluted  with  two  volumes  of  Ringer's  solution.     Reduced  one-half. 

Fig.  5.  Intestine  tracings  showing  some  of  the  adrenaUn  assays  for  the 
adrenal  bloods  used  for  Fig.  4.  At  26  and  28  Ringer's  solution  was  replaced  by 
indifferent  (arterial)  blood,  diluted  with  two  volumes  of  Ringer's  solution  and  this 
at  27  and  29  by  adrenalin  in  arterial  blood,  made  up  to  1:  1,500,000  and  1:  2,- 
500,000,  respectively,  and  then  diluted  with  two  volumes  of  Ringer's  solution. 
Reduced  one-half. 


Plate  46. 

Fig.  6.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  4  and  5.  At 
36  Ringer's  solution  was  replaced  by  the  third  adrenal  specimen;  at  37,  by  the 
second,  both  diluted  with  eight  volumes  of  Ringer's  solution.  The  third  speci- 
men has  a  stronger  effect  than  the  second,  corresponding  to  the  slower  blood  flow 
during  its  collection.  But  as  the  increase  of  tone  produced  by  the  second  speci- 
men even  was  nearly  maximal,  greater  dilution  was  necessary  to  show  the  differ- 
ence clearly.  At  38  Ringer's  solution  was  replaced  by  the  second  adrenal  speci- 
men, and  at  39  by  the  third,  both  diluted  with  twelve  volumes  of  Ringer's  solu- 
tion. The  difference  is  now  evident.  At  40  Ringer's  solution  was  replaced  by 
the  fourth,  and  at  41  by  the  third  adrenal  specimen,  both  diluted  with  sixteen 
volumes  of  Ringer's  solution.  The  increase  of  tone  produced  by  the  third  spec- 
imen was  now  so  nearly  maximal  for  the  condition  of  the  segment  at  the  time  that 
greater  dilution  was  resorted  to,  to  bring  out  the  difference,  clearly  seen  in  Ob- 
servations 43  and  44,  where  Ringer's  solution  was  replaced  by  the  third  and 
fourth  specimens  respectively,  both  diluted  with  twenty-four  volumes  of  Ringer's 
solution.  At  42  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood, 
diluted  with  twenty-four  volumes  of  Ringer's  solution.     Reduced  one-half. 
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Fig.  7.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the  cord 
between  the  fifth  and  sixth  dorsal  segments.  At  25  Ringer's  solution  was  re- 
placed by  indifferent  (arterial)  blood,  and  this  at  27  by  the  third  adrenal  specimen, 
both  bloods  being  undiluted.  The  magnification  is  high,  nearly  twice  as  great 
as  in  Fig.  8,  in  order  to  afford  the  best  chance  for  an  inhibitory  effect  to  be  seen 
on  the  tracing.  The  writing  point  went  somewhat  above  the  drum  after  the  addi- 
tion of  the  adrenal  blood  and  no  inhibition  was  produced.  To  save  space,  the 
tracing  has  been  cut  horizontally.  To  reconstruct  it,  the  right-hand  portion  may 
be  imagined  to  be  pushed  up  to  the  top  of  the  figure  and  then  to  the  left  till  it 
is  in  line  with  the  left-hand  portion. 

Plate  47. 

Fig.  8.  Intestine  tracings.  Blood  from  the  same  cat  as  in  Fig.  7,  but  with  a 
smaller  magnification.  At  5  and  11  Ringer's  solution  was  replaced  by  arterial 
blood,  and  this  at  6  and  12  by  the  fourth  and  the  third  adrenal  specimens,  respec- 
tively, the  bloods  being  diluted  with  four  volumes  of  Ringer's  solution.  At  34 
and  36  Ringer's  solution  was  replaced  by  arterial  blood  (undiluted),  and  this  at 
35  and  37  by  adrenaUn  in  arterial  blood  (1 :  40,000,000  and  1 :  60,000,000  respec- 
tively).   The  adrenalin  blood  was  imdiluted.    Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Adrenal  blood  from  a  cat  after  section  of  the 
cord  through  the  third  thoracic  segment.  At  29  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  30  by  the  third  adrenal  blood  specimen.  At  27  and 
31  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  28  and  32  by 
jugular  blood  to  which  adrenalin  had  been  added  to  make  up  a  concentration  of 
1 :  70,000,000  and  1 :  135,000,000,  respectively.  All  the  bloods  were  undiluted. 
Reduced  one-third. 
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Fig.   1. 


Fig.  2. 


(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 
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(Stewart  and  Rogoff:  Spontaneous  liberation  of  epinephrin.) 


EFFECT  OF  STIMULATION  OF  SENSORY  NERVES  UPON 

THE  RATE  OF  LIBERATION  OF  EPINEPHRIN  FROM 

THE  ADRENALS. 

By  G.  N.  STEWART,  M.D.,  and  J.  M.  ROGOFF,  M.D. 
{From  the  H.  K.  Gushing  Laboratory  of  Experimental  Medicine  of  Western  Reserve 

University,  Cleveland.) 

Plates  48  to  53. 

(Received  for  publication,  May  10,  1917.) 

The  fact  that  the  spontaneous  Hberation  of  epinephrin  is  depend- 
ent upon  the  integrity  of  certain  efferent  nerves  running  in  the  sym- 
pathetic system  has  led  to  attempts  to  influence  the  rate  of  Hberation 
reflexly.  We  have  previously^  published  experiments  in  which  the 
rates  of  hberation  of  epinephrin  during  and  \vithout  stimulation  of 
brachial  nerves  (in  the  cat)  were  compared  by  means  of  the  dener- 
vated  eye  reactions  of  Meltzer  and  by  the  rise  of  blood  pressure  pro- 
duced when  adrenal  blood  collected  for  a  known  time  in  a  cava  pocket 
is  released.     The  results  were  negative. 

We  have  since  repeated  the  experiments  on  cats  and  dogs,  drawing 
off  blood  from  the  cava  pocket  and  testing  it  on  rabbit  intestine  and 
uterus  segments.  In  this  way  the  adrenal  blood  can,  of  course,  be 
appHed  to  the  test-objects  without  dilution  if  so  desired,  whereas, 
with  the  eye  and  blood  pressure  reactions,  it  is  necessarily  much  diluted. 
On  the  other  hand,  the  use  of  the  latter  reactions  has  some  great 
advantages.  The  blood  is  not  withdrawn  from  the  vessels,  and  ac- 
cordingly there  is  no  danger  of  loss  of  a  part  of  the  epinephrin  in  the 
necessary  manipulations  before  the  blood  is  applied  to  the  segments. 
The  development  of  the  pressor  property  of  clotted  blood,  a  serious 
compHcation  for  some  of  the  methods  of  testing  extravascular  blood 
(frog  perfusion,  artery  rings) ,  is  avoided.  Possible  effects  upon  the  rate 
of  liberation  of  the  loss  of  blood,  or  even  of  the  loss  of  the  epinephrin 
in  it  when  withdrawn  from  the  body  are  also  excluded.     Most  impor- 

'  Stewart,  G.  N.,  and  Rogoff,  J.  M.,  /.  Pharm.  and  Exp.  Therap.,  1916.  viii, 
517. 
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tant  of  all,  the  rise  of  blood  pressure,  especially  if  interpreted  by  the 
aid  of  the  eye  reactions,  affords  a  direct  quantitative  comparison  of 
the  amount  of  epinephrin  liberated  in  successive  observations. 

Technique. — The  adrenal  blood  was  collected  through  a  boiled  and  oiled  can- 
nula in  the  inferior  cava.  The  cava  pocket  was  usually  much  shorter  than  that 
employed  for  the  eye  and  blood  pressure  reactions,  where  it  was  essential  to  have 
as  roomy  a  pocket  as  possible.  With  the  short  pocket  only  a  small  dead  space 
is  left  filled  with  blood  which  has  passed  through  the  adrenals  during  one  set  of 
experimental  conditions  at  the  moment  when  the  experimental  conditions  have 
been  changed.  To  reduce  still  further  any  overlapping  of  the  blood  samples  suc- 
cessively collected  with  and  without  stimulation,  excitation  of  the  sensory  nerve 
was  started  sUghtly  before  completion  of  the  collection  of  the  preceding  "no 
stimulation"  sample,  and  vice  versa.  Once  begun,  the  flow  of  blood  from  the  can- 
nula was  interrupted,  sample  after  sample  being  collected.  The  time  of  collection 
and  the  weight  or  volume  of  blood  being  accurately  measured,  the  rate  of  blood 
flow  during  the  collection  of  each  sample  is  known.  This  is  Indispensable,  of 
course,  for  estimating  the  rate  of  Hberation  of  epinephrin  by  reactions  which,  like 
the  segment  tests,  give  only  the  concentration.  Since,  as  we  have  found, ^  the 
concentration  in  successive  samples  tends  to  increase  as  the  blood  flow  slackens, 
we  varied  the  order  of  stimulation  and  no  stimulation  observations,  interposing 
for  example,  a  stimulation  period  between  two  no  stimulations,  and  vice  versa. 
Richards  and  Wood,^  in  their  work  on  the  influence  of  stimulation  of  the  depressor 
upon  suprarenal  secretion,  have  recognized  the  necessity  of  measuring  the  rate  of 
flow  of  the  blood,  and  the  advisabiUty  of  not  taking  the  samples  in  a  uniform 
order.  The  stock  adrenahn  used  for  the  epinephrin  assays  was  always  freshly 
assayed  by  the  colorimetric  method  of  Folin,  Cannon,  and  Denis.* 

In  our  previous  observations  we  stimulated  the  brachial  nerves,  as  it  was  con- 
venient in  forming  the  cava  pocket  to  clamp  the  abdominal  aorta,  and  the  sciatic 
nerve  was  therefore  not  available.  Since  the  upper  thoracic  portion  of  the  spinal 
cord  can  sustain  a  substantial  liberation  of  epinephrin  after  section  of  the  cord  in 
the  cervical  region,^  the  sciatic  might  perhaps  be  considered  more  likely  to  yield 
positive  effects  than  the  brachial.  Elliott's  conclusion^  that  after  section  of  the 
brain  stem  just  in  front  of  the  anterior  corpora  quadrigemina  exhaustion  of  the 
epinephrin  store  of  the  adrenal  by  stimulation  of  sensory  nerves  occurs,  while 
it  does  not  take  place  if  the  cord  has  been  cut  just  below  the  bulbar  vasomotor 
center,  does  not,  as  already  pointed  out,^  necessarily  indicate  that  the  center 
concerned  in  epinephrin  liberation,  on  which  Elliott  made  no  experiments,  is  as 

-  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  77. 
'  Richards,  A.  N.,  and  Wood,  W.  G.,  Am.  J.  Physiol,  1915-16,  xxxix,  54. 

*  Folin,  0.,  Cannon,  W.  B.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  477. 
'  Stewart  and  Rogoff,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1916-17,  xiv,  143. 

•  Elliott,  T.  R.,  J.  Physiol.,  1912,  xliv,  374. 


G.    N.    STEWART   AND   J.    M.    ROGOFF 


639 


high  as  this.  But  if  it  were,  brachial  stimulation  ought  to  hit  it,  as  well  as  sciatic 
stimulation.  To  be  sure,  however,  of  stimulating  afferent  nerves  favorably 
situated  with  reference  to  one  or  the  other  of  the  centers  concerned,  if  there  is 
more  than  one,  we  used  both  sciatic  and  brachial  in  these  experiments. 

While  cats  proved  suitable  for  the  previous  observations  in  which  blood  was 
not  withdrawn,  it  was  judged  advisable  in  the  present  series  to  use  dogs  also,  in 
order  to  make  certain  of  a  good  and  uninterrupted  flow  of  blood,  which  would 
completely  wash  out  the  pocket  and  cannula,  and  thus  prevent  overlapping  of 
the   successive  samples. 

Experiment  1.  Condensed  Protocol. — Dog;  weight  10  kilos.  Ether  anesthesia. 
45  cc.  of  blood  withdrawn  from  jugular  vein.  Cava  pocket  tied  off.  Intestinal 
arteries  and  abdominal  aorta  not  tied.  Right  iliac  artery  ligated  and  cannula 
inserted  into  the  right  iliac  vein.  The  left  ihac  vein  was  not  tied,  and  was 
clamped  just  before  the  collection  of  blood  was  begun,  in  order  to  spare  the  left 
sciatic  as  much  as  possible.  The  left  sciatic  and  brachial  nerves  were  prepared 
for  stimulation.  The  following  blood  specimens  were  collected  from  the  cannula 
in  the  iliac. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc  ■ 

1 

13.0 

1 

min.,  40  sec. 

8.0 

None. 

2 

17.3 

2 

"      25     " 

7.2 

Brachial. 

3 

9.2 

1 

"      40     " 

5.8 

(( 

4 

7.4 

1 

«     47    " 

4.4 

None. 

5 

10.2 

3 

U            JQ         U 

3.2 

Sciatic. 

6 

7.5 

3 

"      10    " 

2.4 

« 

/ 

5.0 

3 

"     24    " 

1.5 

None. 

While  the  pocket  was  still  clipped  off,  53  cc.  of  arterial  blood  were  obtained  from 
the  carotid  artery.     Combined  weight  of  adrenals  1.050  gm. 

It  will  be  seen  from  Figs.  1  to  3,  that  no  difference  could  be  made 
out  between  the  inhibitory  effects  produced  on  the  rabbit  intestine 
segments  by  the  various  adrenal  blood  samples,  which  could  be  con- 
nected with  the  presence  or  absence  of  nerve  stimulation.  Thus  in 
Fig.  1,  the  second  sample  collected  during  brachial  stimulation  (Ob- 
servation 5)  caused  practically  the  same  effect  as  the  first  sample, 
collected  without  stimulation,  and  the  blood  flows  were  about  the 
same  during  collection  of  the  two  samples.  The  third  sample,  with 
nerve  stimulation,  gave  a  greater  inhibition  (Observation  7)  than  the 
first,  without  stimulation;  but  stimulation  of  the  nerves  had  nothing 
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to  do  with  this,  since  the  nerves  were  also  stimulated  during  collec- 
tion of  the  second  sample  (Observation  5).  The  explanation  of  the 
greater  inhibition  produced  by  the  third  sample  is  that  the  blood  flow 
was  slower  during  its  collection,  and  the  rate  of  liberation  of  epi- 
nephrin  per  minute  remaining  the  same,  the  concentration  was  neces- 
sarily greater.  The  adrenahn  assays  showed  that  the  concentration 
in  the  first  and  second  samples  was  somewhat  more  than  1 :  3,300,000, 
corresponding  to  an  output  of  epinephrin  per  minute  of  0.0025  mg. 
(0.00025  mg.  per  kilo  of  body  weight  per  minute),  and  that  the  third 
specimen  was  not  twice  as  strong  as  the  first  or  second.  This  is  a 
normal  output  for  a  dog  under  the  experimental  conditions,  as  esti- 
mated in  drawn  adrenal  blood  on  rabbit  intestine  segments. 

In  Fig.  2  it  is  shown  that  sciatic  stimulation  also  produced  no  dem- 
onstrable efiect,  the  sHght  preponderance  of  the  fifth  sample  (Obser- 
vation 15)  as  compared  with  the  fourth  (Observation  13)  being  plainly 
associated  with  the  somewhat  slower  flow  during  collection  of  the 
latter.  In  Fig.  3  the  sixth  and  seventh  adrenal  samples  were  com- 
pared with  greater  magnification;  but  the  result  was  the  same;  the 
blood  collected  during  stimulation  of  the  sciatic  caused  no  greater  effect 
than  that  collected  wdthout  stimulation.  It  is  probable,  however, 
that  the  concentration  of  epinephrin  in  the  sixth  and  seventh  samples 
was  such  as  to  produce  the  maximum  inhibition  of  which  the  segment 
was  capable  at  the  time.  That  the  sixth  specimen  really  contained 
somewhat  less  epinephrin  than  the  seventh,  corresponding  to  the 
greater  blood  flow,  is  brought  out  by  the  uterus  tests  (Fig.  4,  Obser- 
vations 48  and  50) .  The  same  progressive  increase  in  concentration  in 
the  successive  samples  shown  by  the  intestine  tracings  is  exhibited  on 
the  uterus  tracings,  only,  as  is  commonly  the  case,  even  more  sharply. 
The  difference  between  the  fourth  and  third  specimens  (Observations 
44  and  45)  would  unquestionably  have  been  brought  out  clearly  with 
a  greater  degree  of  dilution,  as  the  increase  of  uterus  tone  in  these 
observations  was  already  approaching,  if  it  had  not  indeed  reached 
the  maximum  for  the  segment. 

Experiment  2.  Condensed  Protocol. — Cat;  weight  2.9  kilos.  Urelhane  anes- 
thesia. Oblaincd  specimen  of  jugular  blood,  then  isolated  left  sciatic  nerve 
and  prepared  it  for  stimulation.  Cava  pocket  made,  tying  off  intestinal  and  renal 
vessels  and  right  iliac  artcr>'.  Cannula  inserted  into  the  cava,  making  a  short 
pocket.     Adrenal  blood  was  then  collected  as  follows: 
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No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  rain. 

Stimulation. 

gm. 

gm. 

1 

1.5 

1  min.,  25  sec. 

1.1 

None. 

2 

4.4 

4     " 

1.1 

Sciatic. 

3 

1.4 

6    " 

0.23 

None. 

4 

1.8 

9    "     30    " 

0.19 

« 

S 

2.3 

13     " 

0.18 

Sciatic. 

6 

1.7 

8     " 

0.21 

None. 

7 

2.2 

10    " 

0.22 

« 

During  stimulation  of  the  sciatic,  the  pupils  dilated  widely,  the  respiratory 
movements  were  increased,  and  there  were  reflex  movements  indicating  that  the 
stimulus  was  effective.  Stimulation  was  begun  |  to  1  minute  before  collection 
of  the  corresponding  specimen,  and  was  stopped  |  to  1  minute  before  the  collec- 
tion of  the  specimen  ceased,  to  allow  for  washing  out  of  the  dead  space.  The 
flow  was  notably  diminished  after  the  first  period  of  strong  stimulation;  that  is, 
after  the  collection  of  the  second  specimen.  After  the  last  adrenal  sample  was 
collected  indifferent  blood  was  obtained  from  the  abdominal  aorta.  Combined 
weight  of  the  adrenals  0.347  gm. 

Specimens  of  the  tracings  with  rabbit  segments  are  given  in  Figs. 
5  to  7.  They  show  the  same  general  result  as  in  Experiment  1;  that 
is,  a  progressive  increase  in  epinephrin  concentration  in  successive 
adrenal  samples,  unmodified  vdthin  the  Hmits  of  sensitiveness  of  the 
method  by  stimulation  of  the  sciatic. 

Experiment  3.  Condensed  Protocol. — Cat;  weight  2.58  kilos.  Urethane  anes- 
thesia. Cava  pocket  prepared  with  cannula  in  left  renal  vein.  Renal  and 
intestinal  arteries  tied,  but  not  the  abdominal  aorta.  Sciatic  nerve  prepared  for 
stimulation.     Adrenal  blood  samples  were  collected  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

1 

2 
3 

4 

cc. 
10.0 

9.0 
10.3 
10.0 

5  min. 

6  "      30  sec. 

5     " 

cc. 

2.0 

1.5-2.0* 

2.0 

-t 

None. 

Sciatic. 

None. 

During  asphyxia. 

*  Part  of  the  specimen  was  lost  by  accidentally  spilling  from  the  container, 
t  The  blood  clotted  in  the  cannula  at  the  end  of  the  collection,  and  was  grad- 
uall}^  slowing  so  that  the  flow  per  minute  could  not  be  properly  calculated. 
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Indifferent  blood  was  obtained  from  the  abdominal  aorta.  Indifferent  blood 
from  the  carotid  of  another  cat  was  also  used  in  the  tests  after  testing  it  against 
the  blood  from  the  abdominal  aorta,  and  finding  it  to  have  the  same  tone-increas- 
ing power.     Combined  weight  of  the  adrenals  0.328  gm. 

The  same  results  were  obtained  with  the  intestine  and  uterus  seg- 
ments as  in  the  preceding  experiments;  there  was  equality  or  a  pro- 
gressive increase  of  epinephrin  in  the  successive  adrenal  blood  samples 
according  to  whether  the  blood  flow  remained  constant  or  slackened. 
The  output  of  epinephrin  per  minute  was  not  modified,  within  the 
limits  of  accuracy  of  the  assays,  by  stimulation  of  the  sciatic.  The  con- 
centration of  epinephrin  in  the  second  and  third  adrenal  specimens 
was  about  the  same  (1 :  3,500,000)  corresponding  to  a  liberation  of 
0.0006  mg.  per  minute  (more  than  0.0002  mg.  per  kilo  of  body  weight 
per  minute),  a  normal  output  as  estimated  on  drawn  adrenal  blood 
by  rabbit  segments.  The  uterus  segments  could  detect  a  concen- 
tration of  1 :  24,000,000  adrenaHn  in  indifTerent  blood  as  compared 
with  the  indififerent  blood  itself. 

Experiment  4,  Condensed  Protocol. — Dog;  weight  8.5  kilos.  Ure thane  and 
ether  anesthesia.  Cava  pocket  prepared,  tying  off  the  renal  and  intestinal  ar- 
teries. The  abdominal  aorta  was  not  clamped  till  just  before  the  collection  of 
blood.  Cannula  in  right  iliac  vein.  Left  sciatic  prepared  for  stimulation.  About 
5  cc.  of  blood  were  first  collected  from  the  pocket  and  discarded  so  as  to  wash 
the  pocket  free  of  any  epinephrin  which  might  have  been  liberated  in  the  manip- 
ulations.    The  following  adrenal  samples  were  then  collected. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

34.0 

2  min.,  30  sec. 

13.6 

Sciatic. 

2 

24.0 

3     " 

8.0 

None. 

3 

22.0 

3     " 

7.3 

« 

4 

25.0 

4     " 

6.2 

Sciatic. 

Serum  was  obtained  from  the  bloods  by  centrifugaHzation.  The  corpuscle 
sediment  was  about  one-third  of  the  total  volume. 

In  this  experiment  serum  was  used  for  the  segment  tests  instead 
of  blood,  so  as  to  increase  the  chance  of  detecting  any  difference  due 
to  stimulation,  since  serum  contains  a  greater  concentration  of  epi- 
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nephrin  than  the  blood  from  which  it  is  derived.''  The  result  was 
the  same  as  in  the  other  experiments.  Thus,  the  second  adrenal  speci- 
men, collected  \\^thout  stimulation  (Observation  15,  Fig.  8)  had  a 
somewhat  greater  inhibitory  effect  upon  the  intestine  segments  than 
the  first  specimen  collected  during  sciatic  stimulation  (Observation 
11),  corresponding  to  the  difference  in  blood  flow.  The  effect  of  the 
third  specimen  (Observation  6,  Fig.  9)  is  greater  than  that  of  the  sec- 
ond (Observation  4),  and  less  than  that  of  the  fourth  specimen  (Ob- 
servation 9),  without  apparent  relation  to  the  presence  or  absence  of 
nerve  stimulation.  The  adrenalin  assay  showed  that  the  second  speci- 
men contained  about  1:3,500,000  epinephrin,  corresponding  to 
1:  5,000,000  for  the  blood,  an  output  per  minute  of  0.0016  mg.  (0.0002 
mg.  per  kilo  of  body  weight  per  minute),  a  normal  output  for  a  dog, 
as  estimated  in  this  way.  As  this  is  a  moderate  concentration,  and  the 
first  specimen  contained  still  less,  the  failure  of  nerve  stimulation  to 
increase  the  concentration  could  not  have  been  due  to  the  initial  con- 
centration being  near  the  possible  maximum.  The  serum  of  the 
third  specimen  contained  1:3,000,000  epinephrin,  corresponding  to 
1 : 4,300,000  for  the  blood.  This  gives  the  same  output  as  for  the 
second  specimen  (0.0017  mg.  per  minute),  the  concentrations  being 
inversely  proportional  to  the  blood  flows.  The  uterus  tracings,  some 
of  which  are  reproduced  in  Fig.  10,  confirm  the  con^^lusion  that  the 
first  adrenal  specimen  (Observations  31  and  33)  contained  a  smaller 
concentration  of  epinephrin  than  the  second  (Observations  32  and  34), 
although  the  sciatic  had  been  stimulated  during  the  collection  of  the 
first.  Observation  30,  Fig.  10,  shows  a  much  smaffer  effect  with 
indifferent  serum,  compared  with  any  of  the  adrenal  sera,  thus  con- 
firming the  conclusion  that  the  substance  inhibiting  the  intestine  was 
epinephrin. 

The  objection  might  be  made  that  under  the  influence  of  the  experi- 
mental conditions  (anesthesia,  trauma,  etc.),  the  rate  of  liberation 
of  epinephrin  might  be  already  so  great  that  it  could  not  be  aug- 
mented by  stimulation  of  afferent  nerves.  This  objection  has  already 
been  partly  met  by  the  fact  that  with  moderate  concentrations  of  epi- 
nephrin, as  shown  by  adrenalin  assays,  nerve  stimulation  fails  to 

'  Stewart  and  Rogoff.  /.  Pharm.  and  Exp.  Therap.,  1916-17,  ix,  393. 
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increase  the  concentration.  There  is  no  evidence  that  anesthetics  in- 
crease the  Uberation  demonstrably.  In  cats,  some  days  after  sec- 
tion of  the  spinal  cord  in  the  cervical  region,  we  have  found*  that 
blood  collected  from  the  adrenal  veins  through  a  cannula  in  the  in- 
ferior cava  contains  concentrations  of  epinephrin  within  the  ordinary 
range,  despite  the  fact  that  on  account  of  the  complete  anesthesia 
below  the  level  of  the  cord  section  it  was  not  necessary  to  give  an 
anesthetic.  Elliott's  result,  that  anesthetics  cause  diminution  of 
the  epinephrin  store  of  the  adrenals,  is  no  proof,  even  if  we  admit  that 
the  diminution  is  really  due  in  some  direct  way  to  -the  anesthetic, 
that  the  output  of  epinephrin  is  increased  under  their  influence;  since 
a  diminution  in  the  rate  of  formation  of  epinephrin  would  equally  be 
accompanied  by  a  diminution  in  the  store. 

Nevertheless,  we  made  a  number  of  experiments  in  which  the  ani- 
mal was  rendered  insensitive  by  destruction  of  the  cerebral  cortex, 
or  by  increase  of  intracranial  pressure  without  the  use  of  anesthetics, 
except  for  a  few  minutes  while  the  brain  was  being  destroyed  or  the 
skull  trephined  for  the  insertion  of  the  pressure  bag. 

Experiment  5.  Condensed  Protocol. — Dog;  weight  7.6  kilos.  Animal  rendered 
insensible  by  destruction  of  the  cerebral  cortex  with  much  of  the  underlying 
centrum  ovale.  It  was  shown  at  autopsy  that  none  of  the  brain  tissue  behind 
the  anterior  edge  of  the  anterior  corpora  quadrigemina  had  been  destroyed. 
Ether  was  given  only  during  destruction  of  the  brain.  Indifferent  blood  was 
obtained  from  the  jugular  vein.  Cava  pocket  made.  Right  iliac  artery,  and 
intestinal  and  renal  arteries  tied  ofif.  Left  sciatic  nerve  prepared  for  stimulation. 
Adrenal  blood  specimens  collected  as  follows: 


No.  of 
adrenal  spyecimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

1 

2 
3 

gm. 
3.5 

7.0 

7.7 

1  min. 

3  " 

4  "   30  sec. 

gm. 
3.5 
2.3 
1.7 

None. 
Sciatic. 

A  fourth  adrenal  specimen  was  obtained  without  stimulation,  but  clotting 
in  the  cannula  prevented  accurate  measurement  of  the  time  (3  gm.  in  4  to  5  min- 
utes). Capacity  of  the  cava  pocket,  which  was  a  long  pocket,  0.9  to  1.0  gm.  of 
blood. 
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In  this  animal  no  evidence  was  forthcoming,  any  more  than  in  the 
others,  that  stimulation  of  the  sciatic  was  associated  with  a  detectable 
increase  in  the  rate  of  epinephrin  output.  A  few  of  the  tracings  are 
reproduced  in  Fig.  11.  The  second  adrenal  specimen,  collected  with- 
out stimulation  (Observation  23),  caused  about  the  same  amount  of 
inhibition  of  the  intestine  as  the  third  specimen,  collected  during 
sciatic  stimulation  (Observation  25).  If  anything,  the  effect  of  the 
second  was  somewhat  greater  than  that  of  the  third  specimen.  The 
flows  were  not  very  different  for  the  two  specimens.  The  fourth 
adrenal  specimen  (Observation  19),  collected  without  sciatic  stimula- 
tion, produced  a  decidedly  greater  effect  than  the  third,  corresponding 
to  the  much  slower  flow.  Here  is  an  instance  where  a  nerve  stimula- 
tion period  between  two  periods  mthout  stimulation  ought  to  have 
shown  some  change  of  concentration,  as  compared  either  with  the 
preceding  or  the  succeeding  period,  had  the  nerve  stimulation  been 
capable  of  evoking  such  a  change.  The  first  adrenal  specimen, 
without  nerve  stimulation  (Observation  21),  has  a  greater  inhibitory 
effect  than  either  the  second  or  third.  But  this  is  doubtless  due  to 
epinephrin  liberated  during  manipulations  while  the  pocket  was  be- 
ing tied  off.  Although  it  is  often  possible  to  complete  the  operation 
without  any  evidence  of  manipulative  discharge,  yet,  in  order  to  be 
sure  of  avoiding  errors  due  to  this  cause,  the  first  specimen  was  al- 
ways considered  suspect,  if  it  gave  a  higher  concentration  than  the 
second,  and  in  that  case  rejected.  It  was,  in  fact,  collected  separately 
for  the  purpose  of  insuring  that  the  succeeding  specimens  shovdd  not 
contain  any  epinephrin  Hberated  by  massage,  etc.,  during  the  forma- 
tion of  the  pocket. 

Uterus  tracings  confirmed  the  conclusion  that  the  second  and  third 
adrenal  specimens  (Experiment  5)  had  about  the  same  concentration 
of  epinephrin,  and  that  the  fourth  had  a  greater  concentration  than 
either  the  second  or  third.  Adrenalin  assays  showed  that  the  concen- 
tration in  the  third  specimen  was  about  1:  3,000,000,  corresponding 
to  an  output  of  0.0006  mg.  of  epinephrin  per  minute  (about  0.0001 
mg.  per  kilo  of  body  weight  per  minute) .  This  is  rather  below  than 
above  the  average  output  in  anesthetized  dogs,  as  estimated  by  rab- 
bit segments. 
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Elliott  has  stated  that  brain  injuries  such  as  destruction  of  the 
cerebral  hemispheres  cause  discharge  of  the  epinephrin  store  of  the 
adrenals.  Although  for  the  reason  already  mentioned,  this  would 
not  of  itself  be  sufficient  proof  that  the  rate  of  liberation  of  epinephrin 
is  sensibly  increased  by  the  brain  irritation,  an  experiment  was  made 
in  which  the  animal  was  rendered  insensitive  by  increasing  the  intra- 
cranial pressure,  without  any  brain  mutilation,  by  a  thin  rubber  bag 
introduced  through  a  trephine  hole. 

Experiment  6.  Condensed  Protocol— Dog;  weight  9.4  kilos.  Under  ether 
anesthesia  the  skull  was  trephined,  and  a  rubber  bag  inserted.  The  bag  was 
connected  with  a  mercury  manometer.  The  pressure  in  it  was  increased  to  250 
mm.  of  mercury,  and  the  ether  discontinued.  Artificial  respiration  was  started, 
although  the  dog  was  still  breathing  well  spontaneously.  A  short  cava  pocket 
was  made.  The  abdominal  aorta  was  tied  off  below  the  renals,  and  the  renal 
vessels  were  tied.  Brachial  nerves  on  one  side  prepared  for  stimulation.  As  the 
blood  pressure  fell  the  intracranial  pressure  was  diminished.  Adrenal  blood  was 
collected  as  follows:  The  first  specimen  (5  to  6  gm.)  was  rejected  to  avoid  any 
epinephrin  liberated  during  manipulation. 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

im. 

gm. 

2 

7.2 

45  sec. 

9.0 

None. 

3 

12.0 

1  min.,  35    " 

8.0 

Brachial. 

4 

12.5 

2     "      20   " 

5.4 

None. 

5 

9.2 

2     "      30   " 

3.7 

Brachial. 

Combined  weight  of  adrenals  1.20  gm. 

In  Fig.  12  are  reproduced  a  few  of  the  intestine  segment  tracings 
from  Experiment  6.  They  show  that  the  third  adrenal  specimen, 
collected  during  brachial  stimulation  (Observation  31),  while  causing 
a  somewhat  greater  inhibition  than  the  second  specimen,  collected 
without  stimulation  (Observation  29),  does  not  produce  as  great  an 
inhibitory  effect  as  the  fourth  specimen,  collected  without  stimula- 
tion. The  fifth  adrenal  specimen,  collected  during  brachial  stimula- 
tion (Observation  35),  causes  an  inhibition  not  conspicuously  different 
from  that  caused  by  the  fourth  specimen.  As  before,  the  progressive 
increase  in  epinephrin  concentration  associated  with  the  gradual  de- 
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cline  in  the  rate  of  blood  flow  has  not  been  sensibly  altered  by  the 
nerve  stimulation.  This  resvilt  was  confirmed  by  the  uterus  tracings, 
some  of  which  are  reproduced  in  Fig.  13.  If  the  third  adrenal  speci- 
men (Observation  52)  were  compared  merely  with  the  second  (Ob- 
servation 51),  it  might  be  thought  that  the  greater  effect  on  the  uterus 
produced  by  the  third  specimen  indicated  an  increased  output  of 
epinephrin  due  to  stimulation  of  the  nerve.  This  conclusion  is  at 
once  seen  to  be  erroneous  when  we  compare  the  effect  of  the  fourth 
specimen  (Observation  54)  with  that  of  the  third,  for  the  fourth  is  as 
much  stronger  than  the  third  as  the  third  is  stronger  than  the  second, 
and  the  nerves  were  not  being  stimulated  during  collection  of  the 
fourth  specimen.  To  show  the  uniformity  of  the  tracings,  Observa- 
tion 52  on  the  third  specimen  was  interposed  between  two  observa- 
tions (51  and  53)  on  the  second.  In  Observations  56  to  59,  the  second 
to  fifth  specimens  were  compared  in  a  greater  dilution,  and  just  as  in 
the  case  of  the  intestine  tracings  no  such  preponderance  of  effect  was 
revealed  in  the  third  and  fifth  specimens  as  would  be  expected  if  the 
nerve  stimulation  during  their  collection  had  sensibly  increased  the 
output  of  epinephrin. 

Adrenalin  assays  were  made  on  the  intestine,  and  in  this  case  also 
on  the  uterus  segments.  The  intestine  segments  are  more  generally 
useful  than  the  uterus  for  assaying  the  concentration  of  epinephrin, 
although  for  bringing  out  qualitative  differences  the  uterus  is  frequently 
much  more  sensitive  than  the  intestine.  But  with  favorable  uterus 
segments  good  quantitative  results  are  also  obtained.  The  uterus 
from  adult  or  nearly  adult  \'irgin  rabbits  is  the  best  in  our  experience 
for  all  such  work.  The  assays  indicated  that  the  second  adrenal 
specimen  contained  about  1 : 9,000,000  epinephrin  (Fig.  13,  Observa- 
tions 61,  64,  65,  and  66) ;  and  the  third  specimen  more  than  1 : 9,000,000 
but  much  less  than  1:  6,000,000  (Fig.  13,  Observation  68),  probably 
not  far  from  1 :  8,000,000.  The  fourth  specimen  had  a  greater  concen- 
tration than  1 :  8,000,000,  though  distinctly  less  than  1 :  5,000,000,  and 
somewhat  less  than  1 :  6,000,000,  probably  about  1 :  6,500,000.  If  the 
blood  flows  in  the  protocol  are  compared  with  these  concentrations,  it 
will  be  seen  that  the  concentrations  are  approximately  in  the  inverse 
ratio  of  the  flows.  In  other  words,  during  the  collection  of  these  adre- 
nal samples,  the  output  of  epinephrin  per  minute  (0.001  mg.  or  more 
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than  0.0001  mg.  per  kilo  of  body  weight  per  minute)  remained  approxi- 
mately constant,  and  was  not  sensibly  modified  by  stimulation  of 
the  bracliial  nerve. 

It  did  not  seem  probable  that  if  negative  results  were  yielded  by 
unmixed  adrenal  vein  blood,  positive  results  would  be  obtainable 
with  cava  blood  collected  by  a  catheter  anterior  to  the  adrenal  veins.^ 
However,  as  the  necessary  operation  for  the  catheter  method  is  less 
severe  than  for  the  cava  pocket  method,  the  possibility  could  not 
be  overlooked  that  the  output  of  epinephrin  in  the  periods  without 
nerve  stimulation  might  be  less  when  extensive  trauma  was  avoided. 
If  this  were  so,  an  increase  in  the  liberation  produced  by  the  stimula- 
tion of  nerves  might  more  readily  make  itself  felt.  Of  course,  it  is 
impossible  by  this  method  to  take  account  of  any  changes  in  the  rate 
of  blood  flow  through  the  adrenals;  and  comparisons  of  the  concentra- 
tion of  epinephrin  in  the  blood  are  only  valid  for  the  estimation  of 
changes  in  the  rate  of  liberation  if  alterations  in  the  rate  of  blood  flow 
are  known,  unless  the  assumption  can  be  made  that  the  blood  flow 
remains  constant  during  the  whole  experimental  period.  Neverthe- 
less, the  conditions  which  in  the  abdominal  operation  lead  to  notable 
alterations  in  the  rate  of  blood  flow  were  not  so  likely  to  be  present 
with  the  catheter  method,  except  in  so  far  as  the  catheter  itself 
might  interfere  with  the  flow  of  blood  in  the  cava,  and  therefore  we 
made  a  number  of  experiments  in  this  way.  Experiment  7  is  an 
example. 

Experiment  7.     Condensed  Protocol. — Cat;  weight  2.875  kilos. 

10.00  a.m.     5  gm.  urethane  by  stomach  tube. 

11.00  a.m.  Exposed  left  femoral  vein  and  prepared  it  for  catheter;  prepared 
right  sciatic  nerve  for  stimulation. 

11.20  a.m.  Blood  I  obtained  through  catheter  inserted  to  a  level  just  anterior 
to  adrenal  veins.  At  autopsy,  the  eye  of  the  catheter  was  found  to  be  about  5 
to  6  mm.  anterior  to  the  orifice  of  the  right  adrenal  vein  when  inserted  to  the  dis- 
tance used  in  the  e^fperimcnt. 

11.32  a.m.     Started  stimulation  of  sciatic. 

11.37  a.m.  Blood  II  collected  through  catheter  at  the  same  level,  sciatic 
stimulation  being  continued  throughout  the  collection. 

11.40  a.m.  Blood  III  obtained  from  lower  cava  through  catheter,  which  was 
withdrawn  9  chi. 

»  Cannon,  W.  B.,  and  Hoskins,  R.  G.,  Am.  J.  Physiol.,  1911-12,  xxix,  274. 
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12.00  m.     Blood  IV  obtained  from  catheter  in  the  same  manner  as  Blood  I. 

12.05  p.m.  Blood  V  obtained  from  catheter  anterior  to  the  adrenal  veins, 
collected  during  asphyxia. 

12.09  p.m.  Blood  VI  obtained  from  catheter  lower  down  in  cava,  as  for 
blood  III. 

After  obtaining  each  of  the  bloods  I,  III,  and  IV,  the  catheter  was  withdrawn, 
cleaned,  and  oiled  again.  The  bloods  were  withdrawn  as  uniformly  as  possible 
by  the  aid  of  an  aspirator. 

The  result  was  negative.  No  difference  was  found  by  rabbit  intes- 
tine and  uterus  segment  tests  between  blood  withdrawn  without 
stimulation  of  the  sciatic,  and  blood  withdrawn  during  stimulation. 
None  of  the  samples  caused  any  inhibition  of  the  intestine  segments. 
We  do  not  doubt  that  under  favorable  conditions  (especially  sensitive 
segments,  slow  blood  flow  in  the  inferior  cava,  and  possibly  a  fortu- 
nate location  of  the  eye  of  the  catheter  with  reference  to  the  adrenal 
vein  orifices)  samples  of  blood  may  sometimes  be  drawn  from  the  in- 
ferior cava  containing  a  sufficient  concentration  of  epinephrin  to  yield 
distinct  reactions.  We  failed  to  obtain  such  reactions  because  the 
epinephrin  given  off  by  the  adrenals  in  the  usual  amount  was  too  highly 
diluted  by  the  cava  blood.  To  illustrate  the  effect  of  this  dilution 
we  made  some  experiments,  in  which  pure  adrenal  blood  from  the  cava 
pocket  and  catheter  blood  from  above  the  level  of  the  adrenals,  ob- 
tained from  the  same  animal,  were  compared.  In  some  observations 
catheter  blood  from  the  level  of  the  adrenals  collected  while  the  adrenal 
veins  were  cKpped  was  compared  with  blood  from  the  same  level 
collected  through  the  catheter  with  the  adrenal  veins  open,  also  with 
a  negative  result.     Experiment  8  is  an  example  of  these  experiments. 

Experiment  8.  Condensed  Protocol. — Cat;  weight  2.68  kilos.  Urethane  3 
gm.  by  stomach  tube,  and  later  on,  2  gm.  more.  Both  adrenal  veins  isolated  and 
prepared  for  clipping.  Femoral  vein  prepared  for  catheter  insertion.  Blood  I, 
drawn  through  catheter  from  level  just  anterior  to  adrenal  veins;  blood  II,  from 
catheter  at  the  same  level,  but  with  adrenal  veins  clipped;  blood  III,  obtained  in 
same  manner  as  blood  I;  blood  IV  (10  cc.  in  11  minutes)  obtained  from  cava 
pocket  through  cannula  in  right  renal  vein.  After  releasing  the  pocket  by  re- 
moving the  clamps,  blood  V  was  obtained  through  the  catheter  in  the  same 
way  as  blood  I.  Indifferent  (arterial)  blood  was  obtained  from  the  abdominal 
aorta.  The  catheter  was  withdrawn,  cleaned,  and  oiled  after  each  specimen  was 
collected. 


650  RATE   OF   LIBERATION   OF   EPINEPHRIN 

In  Fig.  14  it  is  seen  that  catheter  blood  from  the  level  of  the  adrenals 
displacing  arterial  blood  (Observation  10)  produced  no  inhibition  of 
the  intestine  segment,  although  pure  adrenal  vein  blood  (Observation 
8)  caused  good  inhibition.  Adrenalin  assays  showed  that  the  concen- 
tration of  epinephrin  in  the  adrenal  blood  was  not  far  from  1:  3,000,- 
000.  It  was  confirmed  on  uterus  segments  (Fig.  15,  Observations  33,35, 
and  45)  that  the  catheter  blood  caused  no  greater  effect  than  indiffer- 
ent blood,  and  much  less  than  adrenal  blood  (Observations  34  and  36). 
The  uterus  segment,  as  it  happened,  gave  practically  no  increase  of 
tone  ^^ith  indifferent  blood,  which  rendered  the  demonstration  of  the 
absence  of  detectable  epinephrin  in  the  catheter  blood  all  the  more 
conxincing.  Catheter  blood  collected  with  clipped  adrenal  veins 
(Observation  37)  behaved  in  no  respect  differently  from  blood  simi- 
larly collected,  but  with  the  adrenal  veins  open  (Observation  39). 
The  segment  could  easily  detect  epinephrin  in  the  concentration  of 
1:  65,000,000  (Observation  46).  From  the  relatively  considerable  in- 
crease of  tone  given  by  blood  with  this  concentration  of  adrenalin,  there 
is  no  doubt  that  a  much  smaller  concentration  could  have  been  de- 
tected. Accordingly,  the  adrenal  vein  blood  must  have  been  diluted 
in  the  inferior  cava  much  more  than  twenty  times. 

In  Fig.  16  (Observation  20)  catheter  blood  from  the  level  of  the 
adrenals,  collected  with  the  adrenal  veins  clipped,  was  displaced  by 
catheter  blood  collected  with  the  veins  open.  No  change  in  the  in- 
testine segment  curve  was  produced;  that  is,  the  adrenal  blood  was  so 
much  diluted  in  the  cava  that  a  sample  of  cava  blood  containing  the 
adrenal  contribution  could  not  be  discriminated  by  this  intestinal  seg- 
ment from  a  sample  of  cava  blood  which  could  not  have  been  mixed 
with  any  adrenal  blood.  Nor  could  it  be  discriminated  from  the  in- 
different (arterial)  blood,  since  its  replacement  by  this  (Observation 
21)  left  the  curve  unaffected.  A  prompt  and  marked  inhibition  was 
produced,  however,  when  the  arterial  blood  was  in  its  turn  displaced 
by  the  pure  adrenal  blood  (Observation  22). 

In  the  last  experiment  to  be  quoted  (Experiment  9),  blood  was  col- 
lected by  a  catheter  at  the  level  of  the  adrenals  during  stimulation  of 
the  sciatic  and  without  sciatic  stimulation.  Pure  adrenal  blood  was 
also  collected  from  the  same  dog.  during  and  without  stimulation  of 
the  sciatic. 
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Experiment  9.  Condensed  Protocol. — Dog;  weight  14.9  kilos.  Ether  anesthesia. 
A  specimen  of  indiflferent  blood  was  collected  from  the  Jugular  vein.  Then  the 
left  femoral  vein  was  prepared  for  insertion  of  the  catheter,  and  the  right  sciatic 
nerve  prepared  for  stimulation.  The  catheter  was  now  inserted  to  a  level  just 
anterior  to  the  adrenal  veins.  At  autopsy  it  was  verified,  as  in  all  the  other  ex- 
periments of  this  t>T)e,  that  the  eye  of  the  catheter  was  anterior  to  the  orifices  of 
the  adrenal  veins.  Three  samples  of  blood  were  now  collected  through  the  cathe- 
ter, the  first  without  sciatic  stimulation  (13.0  cc.  in  1  minute  and  30  seconds), 
the  second  during  sciatic  stimulation  (13.8  cc.  in  1  minute  and  56  seconds),  and 
the  third  during  sciatic  stimulation  (12.6  cc.  in  1  minute  and  18  seconds).  The 
catheter  was  now  removed,  washed,  oiled  again,  and  reinserted  to  the  same  level 
after  an  interval  of  6  minutes;  and  a  fourth  specimen  collected  through  the  cathe- 
ter without  sciatic  stimulation  (23.5  cc.  in  3  minutes  and  12  seconds).  A  cava 
pocket  was  now  made,  the  renal  and  left  iliac  vessels  being  tied,  and  a  cannula 
inserted  in  the  left  iliac  vein.  The  abdominal  aorta  was  clamped  at  the  bifurca- 
tion just  before  beginning  the  collection  of  blood  from  the  pocket.  Adrenal  blood 
samples  were  obtained  from  the  pocket  as  follows: 


No.  of 
adrenal  specimen. 

Blood  collected. 

Time  of 
collection. 

Blood  flow 
per  min. 

Stimulation. 

cc. 

cc. 

1 

15.2 

1 

min.,  50  sec. 

8.4 

None. 

2 

16.1 

2 

"       5     " 

8.0 

Sciatic. 

3 

18.3 

2 

"     32      " 

7.0 

<( 

4 

20.0 

2 

"     30     " 

8.0 

None. 

5 

22.9 

3 

"     55     " 

5.7 

ii 

6 

11.4 

3 

"     45     " 

3.0 

Sciatic. 

7 

13.1 

4 

"       5     " 

3.2 

« 

8 

7.1 

4 

1.8 

None. 

Combined  weight  of  adrenals,  1.15  gm. 

The  bloods  were  carefully  compared  on  intestine  and  uterus  seg- 
ments and  the  degree  of  dilution  of  the  adrenal  blood  with  indifferent 
blood,  which  just  caused  the  inhibitory  effect  on  the  intestine  seg- 
ments to  become  too  sHght  to  be  detected  with  certainty,  was  deter- 
mined. In  Fig.  17  some  of  the  tracings  are  given.  At  8  the  fifth 
adrenal  blood  replaced  indifferent  blood,  causing  a  marked  inhibi- 
tion of  the  intestine  segment.  The  concentration  of  epinephrin  in 
this  adrenal  sample  was  assayed  at  about  1:  3,000,000,  corresponding 
to  an  output  of  0.002  mg.  of  epinephrin  per  minute  (0.00013  mg.  per 
kilo  of  body  weight  per  minute).     In  the  eighth  specimen  the  concen- 
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tration  was  assayed  at  1: 1,100,000,  about  three  times  as  great  as  in 
the  fifth  sample.  This  is  approximately  the  inverse  ratio  of  the  blood 
flows,  the  rate  of  output  of  epinephrin  being  practically  unchanged. 
At  24  blood  collected  with  a  catheter  at  the  level  of  the  adrenals 
during  sciatic  stimulation  replaced  indifferent  blood.  It  produced 
no  inhibition,  but  instead  a  further  increase  of  tone.  Observations 
26  and  28  represent  the  effect  of  the  fifth  adrenal  blood  specimen 
diluted  respectively  with  ten  and  with  twenty  volumes  of  indifferent 
blood.  Inhibition  of  the  segment  can  still  be  detected  in  each 
case.  Diluted  with  forty  volumes  of  indifferent  blood  (Observa- 
tion 30)  the  fifth  adrenal  specimen  produced  an  inhibition  so 
shght,  if  any,  that  it  could  not  have  been  detected  unless  perhaps  by 
comparison  with  the  preceding  and  succeeding  observations.  With 
this  dilution  the  concentration  of  epinephrin  in  the  blood  was  already 
only  1:  120,000,000,  and  this  blood  was  again  diluted  with  four  vol- 
umes of  Ringer's  solution  before  being  applied  to  the  segment.  At 
32,  the  adrenal  blood,  diluted  with  eighty  volumes  of  indifferent 
blood,  replaced  the  indifferent  blood.  No  inhibition  could  be  clearly 
detected  any  more  than  with  the  catheter  blood  (Observation  24). 

We  fail  to  see  how  it  is  possible  to  make  exact  experiments  on  the 
rate  of  Hberation  of  epinephrin  by  the  catheter  method. 

SUMMARY. 

An  attempt  was  made  to  determine  whether  stimulation  of  afferent 
nerves  (sciatic  and  brachial)  produced  a  detectable  increase  in  the 
rate  of  Hberation  of  epinephrin  from  the  adrenals,  as  determined  by 
testing  adrenal  vein  blood  on  rabbit  intestine  and  uterus  segments. 
The  result  was  negative. 

EXPLANATION  OF  PLATES. 

In  all  the  tracings  time  is  marked  in  half  minutes. 

Plate  48. 

Fig.  1.  Intestine  tracings.  Blood  of  a  dog  anesthetized  with  ether.  At  2 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  3  by  the  first  adrenal 
blood  specimen,  collected  without  stimulation  of  nerves.  At  4  Ringer's  solution 
was  replaced  by  jugular  blood,  and  this  at  5  by  the  second  adrenal  blood  specimen, 


G.   N.    STEWART  AND   J.   M.   ROGOFF  653 

collected  during  stimulation  of  the  brachial.  At  6  Ringer's  solution  was  replaced 
by  jugular  blood,  and  this  at  7  by  the  third  adrenal  blood  specimen,  collected  dur- 
ing brachial  stimulation.     Reduced  one-third. 

Fig.  2.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Fig.  1.  At  12  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  13  by  the  fourth  adrenal 
specimen,  collected  without  stimulation  of  nerves.  At  14  Ringer's  solution  was 
replaced  by  jugular  blood,  and  this  at  15  by  the  fifth  adrenal  blood  specimen, 
collected  during  sciatic  stimulation.  At  19  Ringer's  solution  was  replaced  by 
jugular  blood,  and  this  at  20  by  the  second  adrenal  specimen,  collected  during 
brachial  stimulation.  At  21  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  22  by  the  first  adrenal  specimen,  collected  without  stimulation  of 
nerves.    Reduced  one-third. 

Fig.  3.  Intestine  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  and  2. 
Greater  magnification.  At  24  Ringer's  solution  was  replaced  by  jugular  blood 
and  this  at  25  by  the  sixth  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  27  Ringer's  solution  w^as  replaced  by  jugular  blood,  and  this  at  28  by  the  sev- 
enth adrenal  specimen,  collected  without  stimulation  of  nerves.  Reduced 
one-third. 

Plate  49. 

Fig.  4.  Uterus  tracings.  Blood  of  the  same  dog  as  in  Figs.  1  to  3.  At  41 
Ringer's  solution  was  replaced  by  arterial  blood;  at  42,  by  the  first  adrenal  spec- 
imen, collected  without  nerve  stimulation;  at  43,  by  the  second  adrenal  specimen, 
collected  during  brachial  stimulation;  at  44,  by  the  third  adrenal  specimen,  collected 
during  brachial  stimvdation;  at  45,  by  the  fourth  adrenal  specimen,  collected  with- 
out nerve  stimulation.  In  Obser\'ations  41  to  45  the  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.  At  47  Ringer's  solution  was  replaced  by  the  fifth 
adrenal  specimen,  collected  during  sciatic  stimulation;  at  48,  by  the  sixth  adrenal 
specimen,  collected  during  sciatic  stimulation;  at  50,  by  the  seventh  adrenal 
specimen,  collected  without  nerve  stimulation.  In  Observations  47  to  50  the 
bloods  were  diluted  with  nine  volumes  of  Ringer's  solution.     Reduced  one-half. 

Fig.  5.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane.  At 
4  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  5  by  the  second 
adrenal  blood  specimen,  collected  during  sciatic  stimulation.  At  6  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  7  by  the  fourth  adrenal  speci- 
men, collected  without  sciatic  stimulation.  The  bloods  were  diluted  with  four 
volumes  of  Ringer's  solution.     Reduced  one-third. 

Fig.  6.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Fig.  5.  At  12 
Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  13  by  the  seventh 
adrenal  specimen,  collected  without  stimulation  of  the  sciatic.  At  14  Ringer's 
solution  was  replaced  by  jugiilar  blood,  and  this  at  15  by  the  fifth  adrenal  speci- 
men, collected  during  sciatic  stimulation.  The  bloods  were  diluted  with  two 
volumes  of  Ringer's  solution.     Reduced  one-third. 
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Fig.  7.  Uterus  tracings.  Blood  of  the  same  cat  used  for  Figs.  5  and  6.  At 
28  Ringer's  solution  was  replaced  by  jugular  blood ;  at  29,  by  the  second  adrenal 
blood  specimen,  collected  during  sciatic  stimulation;  at  30,  by  the  fourth  adrenal 
specimen,  collected  without  stimulation;  at  31,  by  the  fifth  adrenal  specimen, 
collected  during  sciatic  stimulation ;  at  32,  by  the  seventh  adrenal  specimen,  col- 
lected without  stimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.     Reduced  one-half. 

Plate  50. 

Fig.  8.  Intestine  tracings.  Sera  of  a  dog  anesthetized  with  urethane  and 
ether.  At  10  Ringer's  solution  was  replaced  by  serum  of  arterial  blood,  and  this 
at  11  by  serum  of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation. 
At  14  Ringer's  solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  15 
by  serum  of  the  second  adrenal  specimen,  collected  without  sciatic  stimulation. 
Reduced  one-third. 

Fig.  9.  Intestine  tracings.  Sera  of  the  same  dog  as  in  Fig.  8.  At  3  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  4  by  serum  of  the 
second  adrenal  specimen,  collected  without  nerve  stimulation.  At  5  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  6  by  serum  of  the 
third  adrenal  specimen,  collected  without  nerve  stimulation.  At  8  Ringer's 
solution  was  replaced  by  serum  of  arterial  blood,  and  this  at  9  by  serum  of 
the  fourth  adrenal  specimen,  collected  during  sciatic  stimulation.  Reduced 
one-third. 

Fig.  10.  Uterus  tracing.  Sera  of  the  same  dog  used  for  Figs.  8  and  9.  At 
30  Ringer's  solution  was  replaced  by  serum  of  arterial  blood;  at  31,  by  serum 
of  the  first  adrenal  specimen,  collected  during  sciatic  stimulation;  at  32,  by  serum 
of  the  second  adrenal  specimen,  collected  without  sciatic  stimulation.  The  serum 
in  Observation  30  was  undiluted,  in  Observations  31  and  32  it  was  diluted  with 
an  equal  volume  of  Ringer's  solution.  At  33  Ringer's  solution  was  replaced 
by  serum  of  the  first  adrenal  specimen  diluted  with  three  volumes  of  Ringer's 
solution,  and  at  34  by  serum  of  the  second  adrenal  specimen  similarly  diluted. 
Reduced  one-half. 

Plate  51. 

Fig.  11.  Intestine  tracings.  Blood  of  a  dog  rendered  insensitive  by  destruc- 
tion of  the  cerebral  cortex.  At  18  Ringer's  solution  was  replaced  by  jugular  blood, 
and  this  at  19  by  the  fourth  adrenal  specimen,  collected  without  nerve  stimula- 
tion. At  20  Ringer's  solution  was  replaced  by  jugular  blood,  and  this  at  21  by 
the  first  adrenal  specimen,  collected  without  nerve  stimulation.  At  22  Ringer's 
solution  was  replaced  by  jugular  blood,  and  this  at  23  by  the  second  adrenal 
specimen,  collected  without  nerve  stimulation.  At  24  Ringer's  solution  was  re- 
placed by  jugular  blood,  and  this  at  25  by  the  third  adrenal  specimen,  collected 
during  sciatic  srimulation.  All  the  bloods  were  diluted  with  four  volumes  of 
Ringer's  solution.     Reduced  one-half. 
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Fig.  12.  Intestine  tracings.  Bloods  from  a  dog  rendered  insensitive  by  in- 
creased intracranial  pressure.  At  28  Ringer's  solution  was  replaced  by  indiffer- 
ent (arterial)  blood,  and  this  at  29  by  the  second  adrenal  specimen,  collected  with- 
out brachial  stimulation.  At  30  Ringer's  solution  was  replaced  by  arterial  blood, 
and  this  at  31  by  the  third  adrenal  specimen,  collected  with  brachial  stimulation. 
At  32  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  33  by  the 
fourth  adrenal  specimen,  without  brachial  stimulation.  At  34  Ringer's  solution 
was  replaced  by  arterial  blood,  and  this  at  35  by  the  fifth  adrenal  specimen, 
collected  with  brachial  stimulation.  All  the  bloods  were  diluted  with  two  volumes 
of  Ringer's  solution.     Reduced  one-third. 

Plate  52. 

Fig.  13.  Uterus  tracings.  Bloods  from  the  same  dog  used  in  Fig.  12.  At 
50  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood;  at  51,  by  the 
second  adrenal  specimen,  collected  without  brachial  stimulation;  at  52,  by  the 
third  adrenal  specimen,  collected  with  brachial  stimulation;  at  53,  by  the  second 
adrenal  specimen;  at  54,  by  the  fourth  adrenal  specimen,  collected  without 
brachial  stimulation.  All  these  bloods  were  diluted  with  two  volumes  of  Ringer's 
solution.  At  56  Ringer's  solution  was  replaced  by  the  fourth  adrenal  specimen; 
at  57,  by  the  third  adrenal  specimen;  at  58,  by  the  second  adrenal  specimen;  at 
59,  by  the  fifth  adrenal  specimen,  collected  with  brachial  stimulation.  These 
bloods  were  diluted  with  four  volumes  of  Ringer's  solution.  At  61  Ringer's  solu- 
tion was  replaced  by  indifferent  (arterial)  blood  made  up  with  adrenahn  to  a 
concentration  of  1:  8,000,000;  at  66,  by  indifferent  blood  made  up  with  adrenalin 
to  a  concentration  of  1:  9,000,000;  at  68,  by  the  indifferent  blood  with  adrenalin 
to  a  concentration  of  1 :  6,000,000.  All  the  adrenalin  bloods  were  diluted  with 
four  volumes  of  Ringer's  solution  before  application  to  the  segment.  At  64 
Ringer's  solution  was  replaced  by  the  second  adrenal  specimen,  at  65  by  the  third 
adrenal  specimen,  each  diluted  with  four  volumes  of  Ringer's  solution.  Reduced 
one-half. 

Fig.  14.  Intestine  tracings.  Blood  from  a  cat  anesthetized  with  urethane. 
At  7  Ringer's  solution  was  replaced  by  indifferent  (arterial)  blood,  and  this  at  8 
by  adrenal  blood.  At  9  Ringer's  solution  was  replaced  by  arterial  blood,  and  this 
at  10  by  catheter  blood  collected  at  the  level  of  the  adrenals.     Reduced  one-half. 

Fig.  15.  Uterus  tracings.  Blood  from  the  same  cat  used  for  Fig  14.  At 
33  Ringer's  solution  was  replaced  by  catheter  blood  from  the  adrenal  level,  and 
this  at  34  by  adrenal  blood;  at  35  Ringer's  solution  was  replaced  by  catheter 
blood,  and  this  at  36  by  adrenal  blood.  At  37  Ringer's  solution  was  replaced 
by  catheter  blood  collected  during  the  clipping  of  both  adrenals,  and  this  at  38 
by  adrenalin  (1:  1,000,000)  in  the  same  blood.  At  39  Ringer's  solution  was  re- 
placed by  catheter  blood  from  the  level  of  the  adrenals,  and  this  at  40  by  adrenalin 
(1:3,300,000)   in   the  same  blood.    At  42  Ringer's  solution  was  replaced  by 
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adrenalin  (1:  16,500,000)  in  catheter  blood;  at  43,  by  the  same  catheter  blood 
without  the  addition  of  adrenalin;  at  45,  by  another  catheter  specimen  collected 
at  the  adrenal  level;  at  46,  by  adrenalin  (1 :  65,000,000)  in  the  catheter  blood  used 
for  Observation  45. 

Plate  53. 

Fig.  16.  Intestine  tracings.  Blood  from  the  same  cat  used  for  Figs.  14  and 
15.  At  19  Ringer's  solution  was  replaced  by  catheter  blood  collected  with  the 
adrenal  veins  clipped,  and  this  at  20  by  catheter  blood  collected  at  the  adrenal 
level  with  the  adrenal  veins  open.  At  21  this  catheter  blood  was  replaced  by 
arterial  blood,  and  this  at  22  by  adrenal  blood.     Reduced  one-third. 

Fig.  17.  Intestine  tracings.  Bloods  from  a  dog  anesthetized  with  ether. 
At  7  Ringer's  solution  was  replaced  by  indifferent  blood,  and  this  at  8  by  the 
fifth  adrenal  specimen.  At  23  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  24  by  catheter  blood,  collected  at  the  level  of  the  adrenals  dur- 
ing sciatic  stimulation.  At  25  Ringer's  solution  was  replaced  by  indifferent  blood, 
and  this  at  26  by  the  fifth  adrenal  specimen,  diluted  with  ten  volumes  of  indif- 
ferent blood.  At  27,  29,  and  31  Ringer's  solution  was  replaced  by  indifferent 
blood,  and  this  at  28,  30,  and  32  by  the  fifth  adrenal  specimen,  diluted  respec- 
tively with  twenty,  forty,  and  eighty  volumes  of  indifferent  blood.  All  the  bloods 
were  diluted  with  four  volumes  of  Ringer's  solution  before  application  to  the 
segment.    Reduced  one-third. 
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Fig.  1. 


Fig.  2. 


Fig.  3. 

(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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PLATE  49. 


(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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PLATE  50. 


Fig.  8. 


Fig.  9. 


Fig.  10. 


(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin. 
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PLATE  51. 


Fig.  11. 


Fig.  12. 


(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 
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Fig.  13. 


Fig.  14. 


Fig.  15. 

(Stewart  and  RogoS:  Rate  of  liberation  of  epinepbrin.) 
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(Stewart  and  Rogoff:  Rate  of  liberation  of  epinephrin.) 


BACTERICIDAL  FLUORESCENCE    EXCITED    BY   X-RAYS. 

By  H.  S.  newcomer,  M.D. 
{From  the  Henry  Phipps  Institute  of  the  University  of  Pennsylvania,  Philadelphia) 

(Received  for  publication,  June  5,  1917.) 
INTRODUCTION. 

The  purpose  of  this  article  is  to  report  an  experiment  which,  coupled 
with  underlying  theoretical  considerations,  points  to  a  mechanism 
by  which  the  x-rays  may  be  made  to  have  a  strong  bactericidal  effect. 

It  was  suggested  to  me  over  a  year  ago  that  the  fluorescence  of 
dyes  be  studied  from  the  point  of  view  of  determining  whether  there 
might  be  a  relationship  between  this  property  and  bactericidal  action. 
The  photodynamic  effect  of  various  dyes  had  previously  been  inves- 
tigated, especially  by  Jodlbauer  and  von  Tappeiner.^  Dilute  solutions 
of  the  dyes  containing  suspensions  of  various  organisms  were  sub- 
jected to  strong  diffuse  dayUght  and  the  results  compared  with 
controls  kept  in  the  dark.  In  general  these  experiments  have  given 
contradictory  and  unsatisfactory  results  and  the  influence  of  fluores- 
cence as  a  factor  was  open  to  doubt. 

Various  forms  of  radiation  have  been  and  are  being  studied  from 
the  point  of  view  of  abiotic  effect.  Considering  the  spectrum  as  a 
whole  from  the  very  short  or  x-rays  up  through  the  ultra-violet  and 
visible  to  the  long  infra-red  and  heat  waves  there  are  only  two  regions 
in  which  the  rays  have  any  considerable  abiotic  effect ;  namely,  in  the 
ultra-violet  and  infra-red.  Most  work  has  shown  that  the  other 
spectral  regions  have  very  little  bactericidal  effect.  Of  these  two 
regions  the  infra-red  is  probably  not  of  practical  value  for  our  pur- 
poses, heat  being  harmful  to  all  protoplasm.  Of  all  radiation  the 
ultra-violet  is  by  far  the  most  bactericidal  and  the  least  penetrative. 
Unfortunately,  to  be  of  practical  value  abiotic  radiation  must  be 

^  Jodlbauer,  A.,  and  von  Tappeiner,  H.,  MUnch.  med.  Woch.,  1904,  11, 1096. 
Mettler,  E.,  Arch.  Hyg.,  1905,  liii,  79. 

657 


658  BACTERICIDAL  FLUORESCENCE   EXCITED   BY  X-RAYS 

capable  of  penetrating  tissue.     To  alter  the  penetrative  qualities  of 
radiation  is  hopeless  on  the  face  of  it. 

From  the  point  of  view  of  utilization  of  radiant  energy  as  a  thera- 
peutic bactericidal  agent  the  problem  therefore  reduces  itself  to  seek- 
ing to  secure  a  transformation  of  penetrative  energy  into  some  form 
of  energy  having  abiotic  properties.  Heretofore  the  attack  has  been 
along  chemical  Hnes.  Transformation  of  energy  is  essentially  a  physi- 
cal phenomenon  and  there  is  already  at  hand  a  very  definite  mechan- 
ism by  which  a  transformation  of  this  character  may  be  produced; 
namely  fluorescence.  In  order  that  this  mechanism  may  be  here 
apphed,  obviously  two  conditions  must  hold.  In  the  first  place,  the 
fluorescent  Hght,  the  light  emitted  by  the  substance  when  excited, 
should  of  itself  have  abiotic  properties.  In  the  second  place,  the 
exciting  light,  the  light  causing  the  fluorescence,  must  have  consider- 
able penetrative  property.  If  these  conditions  hold,  then  abiotic 
light  can  be  produced  at  any  point  to  which  the  substance  can  be 
brought  and  the  imposition  of  further  physiological  conditions  would 
give  a  practical  solution  of  the  problem. 

HISTORICAL. 

The  abiotic  properties  of  radiant  energy  are  best  shown  by  ultra-violet  light. 
The  known  ultra-violet  extends  from  about  600  to  4000  Angstrom  units  (0.06ju 
to  0.4/x).  Its  abiotic  properties  have  been  given  considerable  attention,  perhaps 
most  precisely  by  Victor  Henri  and  his  associates.^  He  investigated  the  effect  on 
microorganisms  from  about  3600  down  to  about  2100  Angstrom  units,  using  a  few 
filter  screens  to  obtain  an  idea  as  to  the  relative  effect  of  different  portions  of  the 
region.  He  concluded  that  the  abiotic  eflfect  first  became  appreciable  somewhere 
between  2800  and  3000  Angstrom  units  and  increased  progressively  with  de- 
crease in  wave-length.  Lyman^  has  shown  that  the  effect  increases  markedly 
below  2000,  being  almost  instantaneous  somewhere  below  1750. 

We  have  repeated  the  experiments  of  Henri  using  a  more  precise 
method  and  have  come  to  the  same  general  conclusions,  placing  the 
upper  limit  at  about  2800  Angstrom  units  and  finding  an  approxi- 

2  Cernovodeanu,  P.,  and  Henri,  V^,  Compt.  rend.  Acad.,  1910,  cl,  52,  549. 
Henri  and  Henri,  ibid.,  1912,  civ,  315. 

'  L>'man,  T.,  Spectroscopy  of  the  extreme  ultraviolet,  London  and  New  York, 
1914,  103. 
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mately  constant  effect  from  there  to  2100.  In  this  region  the  ty- 
phoid bacillus  is  about  one  two-hundredth  as  sensitive  as  the  photo- 
graphic plate.  Below  2000  Angstrom  units  all  materials  become 
rapidly  increasingly  opaque.  2  cm.  of  water  transmits  at  2000,  86 
per  cent;  at  1930,  75  per  cent;  at  1860,  30  per  cent;  and  at  1729 
Angstrom  units,  0.5  mm.  of  water  is  opaque.^  It  is  therefore  probably 
safe  to  set  the  figures  1800  to  2800  as  defining  the  useful  limits  of  the 
abiotic  spectrum. 

While  the  employment  of  red  light  as  a  penetrating  radiation 
offers  certain  ulterior  advantages,  physical  considerations  discourage 
the  prospect  of  producing  ultra-violet  fluorescence  by  this  means. 
Fluorescence  is  almost  invariably  of  longer  wave-length  than  its 
excitant.  A  good  example  of  this  is  the  dye  fluorescein.  Dilute 
solutions  of  this  fluoresce  a  bright  green  in  daylight  but  by  lamplight 
lose  the  property,  lamplight  containing  plenty  of  green  rays  but  no 
shorter  blue  waves.  This  same  general  law  of  fluorescence  renders 
it  probable  that  the  x-ray  should  produce  ultra-violet  fluorescence, 
and  in  fact  oftener  than  it  does  visible  fluorescence.  The  latter 
type  of  x-ray  fluorescence  has  long  been  known;  the  discovery  of 
x-rays  was  due  to  this  property. 

The  fluorescence  problem  thus  resolves  itself  into  the  discovery  or 
manufacture  of  substances  which  shall  have  desirable  biological 
properties  and  at  the  same  time  emit  light  of  wave-length  less  than 
2800  Angstrom  units  when  subjected  to  x-radiation.  The  problem 
is  therefore  one  which  is  rational  and  which  at  the  same  time  offers 
far  reaching  possibihties. 

It  is  well  at  this  point  to  give  an  outline  of  the  work  as  to  the  effect  of  x-rays 
alone  on  microorganisms.  The  literature  on  this  subject  seems  to  have  stopped 
in  1906  with  the  publication  by  Russ^  of  a  long  article  which  also  summarizes 
the  results  of  previous  workers.  They  all,  with  one  exception,  had  obtained 
negative  results,  even  with  very  long  exposures  to  the  x-rays.  A  great  many 
pathogenic  organisms  were  tried  and  in  the  presence  of  various  culture  media. 
Rieder^  in  1898,  using  an  apparatus  incompletely  described,  was  able  to  almost 
sterilize  agar  and  gelatin  plates  of  cholera,  diphtheria,  typhoid,  and  colon  organ- 

.  *  Lyman, ^  p.  60. 

5  Russ,  V.  K.,  Arch.  Hyg.,  1906,  Ivi,  341. 
SRieder,  H.,  Munch,  med.  Woch.,  1898,  xlv,  101,  773. 
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isms,  with  exposure  for  about  1  hour.  Bouillon  cultures  were  not  so  clearly 
affected.  These  results  are  in  disagreement  with  those  of  everyone  else  in- 
cluding ourselves.  A  study  of  Rieder's  article,  however,  does  not  reveal  any 
probable  cause  for  the  discrepancy.  Russ  performed  four  types  of  experiments. 
He  exposed  the  media  to  determine  whether  exposure  rendered  them  unfit  for 
culture  purposes.  He  exposed  organisms  under  the  objective  of  the  microscope 
in  order  to  observe  the  effect  upon  their  motility  and  clumping.  He  exposed  the 
organisms  in  the  various  culture  media  and  he  inoculated  exposed  organisms 
into  animals.  All  his  experiments  were  entirely  negative  except  for  increased 
motility  under  the  microscope  in  some  cases.  His  exposures  were  from  5  to 
2  hours,  using  a  fairly  powerful  apparatus  and  soft,  medium,  and  hard  tubes.  Our 
experiments  incidentally  check  the  work  of  Russ. 

It  was  shown  in  1905  by  Schuhknecht''  that  the  fluorescence  in  fluorite  excited 
by  x-rays  extends  from  2310  to  3900  Angstrom  units  with  a  maximum  at  2840. 
This  mineral,  therefore,  should  be  suitable  to  use  in  experiments  designed  to 
demonstrate  the  essential  correctness  of  the  above  considerations. 

We  have  therefore  undertaken  the  experiments  reported  in  the  fol- 
lowing pages.  The  results  embody  an  answer  to  the  following 
questions.  (1)  Have  the  x-rays  any  bactericidal  value  and  if  so  under 
what  conditions  is  it  demonstrable?  (2)  Can  the  x-rays  be  shown  to 
have  an  increased  bactericidal  value  when  the  bacteria  are  exposed  to 
them  in  contact  with  a  substance  (fluorite)  of  such  chemical  and 
physical  constitution  that  the  x-rays  excite  fluorescence  in  it?  (3) 
The  second  question  being  answered  in  the  afhrmative,  is  the  in- 
creased activity  due  to  chemical  products  contributed  to  the  medium 
in  which  the  bacteria  are  suspended,  or  is  it  due  to  physical  agencies, 
presumably  rays  of  Hght  in  the  ultra-violet  region  of  the  spectrum? 

The  general  conditions  governing  the  experiments  were  as  follows. 
The  x-ray  apparatus^  consists  of  a  coarse  focus  Coolidge  tube  oper- 
ated by  a  Snook  interrupterless  transformer.  The  tube  was  operated 
on  a  4  milliampere  current  backed  up  by  a  voltage  equivalent  to  a 
9  inch  spark-gap.  A  1  mm.  aluminum  filter  plus  black  paper  was 
used  and  the  objects  were  placed  at  a  distance  of  7  inches  from  the 
anticathode.  The  doses  were  in  multiples  of  5  minutes,  a  5  minute 
pause  occurring  between  each  5  minute  exposure.     Fresh  18  hour  agar 

'Schuhknecht,  P.,  Ann.  Physik.,  1905,  xvii,  717. 

^  The  x-ray  apparatus  was  kindly  placed  at  my  disposal  by  Dr.  David  R. 
Bowen  of  the  Pennsylvania  Hospital. 
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slant  cultures  of  Bacillus  typhosus  were  used,  a  suspension  of  the 
organisms  in  some  medium,  usually  distilled  water,  being  made.  One 
of  these  suspensions  stays  nearly  constant  in  count  throughout  the  day. 
Each  figure  in  the  tables  gives  the  average  bacterial  count  per  square 
centimeter  for  an  agar  plate  made  from  the  suspension  in  question. 

In  earlier  experiments  with  small  capillary  tubes  of  glass  as  con- 
tainers, certain  specimens  of  glass  gave  much  lower  bacterial  counts 
than  the  average.  As  glass  of  certain  kinds  is  known  to  fluoresce 
under  the  x-rays,  in  order  to  avoid  this  effect  paraffin  was  chosen 
as  a  sufficiently  inert  substance  from  which  to  construct  containers. 
In  order  to  demonstrate  its  inertness  holes  of  two  sizes  were  made, 
one  \  inch  in  diameter  and  the  other  -q  inch  in  diameter.  These 
two  have  a  considerably  different  ratio  of  wall  to  volume  and  figures 
obtained  with  them  should  therefore  serve  to  demonstrate  any 
influence  of  the  wall.  Experiments  showed  no  difference  for  exposures 
in  the  two  sizes  of  holes  (Tables  I  and  II).  This  at  the  same  time 
serves  to  eliminate  the  size  of  the  hole  as  a  factor  in  determining  the 
outcome  of  the  experiment.  In  order  to  prevent  evaporation  from 
the  holes  they  were  sealed  with  thin  sheets  of  paraffin. 

Action  of  X-Rays  Alone. 

Table  I  gives  the  results  of  the  exposure  of  water  and  normal  salt 
solution  suspensions  of  the  bacteria  to  the  x-rays. 


TABLE    I. 

25  Minute  Exposures  of  Salt  Solution  and  Water  Suspensions  of  Bacillus  typhosus. 


Medium. 

Exposed. 

Con 

rols. 

Before. 

After(2hrs.). 

Salt  solution,  small  hole 

Water,  large  hole 

40,43 

17,12,  17,  17 
15,  18,  17 
39,  38,  41 
44,43 

180, 200 
55,  54,  60 
61,70 
140,  135 
140,  145 

60,  70,  70 

"       small    "    

74 

it           ((       li 

130 

U                    U             It 

The  figures  are  bacterial  counts  of  a  suspension  of  B.  typhosus  in  water  and 
normal  salt  solution  exposed  to  the  x-rays,  the  containers  being  j  and  -^a  inch 
holes  in  paraffin  blocks. 
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In  my  hands  there  has  been  uniformly  a  considerable  reduction 
in  the  bacterial  count  of  these  suspensions.  As  the  typhoid  organism 
was  supposed  to  be  unaffected  by  the  x-rays,  experiments  were  made 
to  determine  the  cause  of  this  discrepancy.  Water  had  never  been 
used  before  as  a  medium.  Usually  the  observations  were  made  by 
exposing  agar  or  gelatin  plates.  Even  Rieder  did  not  demonstrate 
an  effect  with  bouillon  as  a  medium.  An  agar  plate  does  not  make  a 
good  experiment.  Presumably  each  individual  organism  after  fixa- 
tion in  the  media  has  already  started  to  multiply  before  the  necessary 
procedures  incident  to  exposure  are  completed.  As  a  result  an  agent 
which  will  kill  30  per  cent  of  the  organisms  will  presumably  still 
leave  in  each  potential  colony  at  least  one  live  organism  and  the  full 
number  of  colonies  will  be  produced.  At  any  rate  the  plate  experi- 
ments were  tried  using  25  minute  exposures  and  protecting  half  the 
plate  with  ^  inch  of  lead.  The  experiment  was  entirely  negative 
whether  the  plate  was  incubated  1  hour  before  radiating  or  exposed 
immediately;  that  is,  in  about  15  minutes. 

Table  II  shows  that  bouillon  may  have  a  protecting  effect. 

TABLE  II. 
25  Minnie  Exposures  in  Water  and  Bouillon  of  Bacillus  typhosus. 


Medium. 

Exposed. 

Controls. 

Before. 

After  (2  hrs.). 

Bouillon  culture  4^  hrs.  old 

"       suspension,  large  hole 

small    "    

Water,  large  hole 

900,  1,150,  1,300 
50,  45,  45,  47 
36,  25,  36 
17,12,  17,  17 
15,  18,  17 

750,  700 

80,  76,  80 
75,60 
55,  54,  60 
61,70 

1,500,  1,700,  2,000 
85,  87,  92 
70,82 
60  70  70 

"     small    "  

74 

The  figures  are  bacterial  counts  of  typhoid  bacilli  grown  in  bouillon  or  suspended 
in  bouillon  and  in  water,  exposure  being  made  to  the  x-rays  in  containers  con- 
sisting of  i  and  h  inch  holes  in  paraffin  blocks. 


A  4  hour  bouillon  culture  exposed  25  minutes  merely  had  its 
growth  during  the  time  of  exposure  partially  inhibited.  On  the  con? 
trary,  a  bouillon  suspension  made  just  before  exposure  was  reduced 
almost  one-half  in  count.  Water  suspensions  under  similar  conditions 
had  their  bacterial  counts  decreased  to  from  one-third  to  one-fourth. 
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While  these  experiments  are  not  conclusive  as  fixing  the  exact  action 
of  the  x-rays  alone,  they  nevertheless  demonstrate  the  relative  con- 
stancy of  an  efifect  much  less  potent  than  that  presently  to  be 
described. 

It  should  be  noted  in  experiments  of  this  sort  that  if  the  number  of 
organisms  dying  in  successive  short  intervals  of  time  during  which  a 
destructive  agency  is  acting  be  plotted,  the  points  constitute  a  locus 
which  tends  to  have  the  form  of  a  probability  curve,  a  curve  having 
somewhat  the  shape  of  the  profile  of  a  ^^dde  flanged  bell.  This  is  the 
ordinary  probability  relationship  familiar  to  everyone.  The  organ- 
isms die  rapidly  during  part  of  the  time  causing  a  heaping  up  of  the 
number  of  deaths  in  a  short  interval.  In  this  interval  of  high  mor- 
tahty  the  total  number  killed  increases  very  rapidly.  This  period 
is  preceded  and  followed  by  intervals  in  which  the  additions  to  the 
figures  for  the  total  dead  are  less  rapid.  If  the  figures  giving  the 
total  dead  up  to  any  time  be  plotted  they  form  a  locus  having  a 
different  form  from  the  above  locus  for  rate  of  death.  This  new 
locus  approximates  a  curve  whose  slope  (tangent  of  the  gradient  angle) 
at  any  point  is  given  by  the  height  of  a  corresponding  point  on  the 
probability  curve,  in  other  words  by  the  death  rate.^  It  is  a  curve, 
therefore,  which  starts  with  a  low  slope,  gradually  increasing  to  a 
maximum  of  steepness  at  the  point  of  greatest  mortahty,  then  rising 
less  and  less  rapidly  to  approach  asymptotically  a  horizontal  repre- 

®  The  probability  curve  has  a  form  given  by  the  equation  y=e~'  .  For  a 
mathematical  discussion  of  the  subject  see  the  article  on  "Probability"  in  the 
Encyclopaedia  Britannica,  9th  edition.  In  this  article  Fig.  1  outlines  the  shape 
of  the  curve.  The  area  of  each  quadrilateral  would  represent  the  number  of 
deaths  occurring  in  an  interval  of  time  represented  by  the  length  of  its  short 
side.  The  total  number  of  deaths  caused  by  a  dose  acting  up  to  any  instant  of 
time  would  be  represented  by  the  sum  of  all  the  preceding  quadrilaterals;  that 
is,  by  the  area  under  the  curve  up  to  that  point.  The  values  of  the  second  half 
of  this  integral  from  the  mid-point  of  the  curve  on,  are  given  in  the  table  under 
paragraph  9.  Plotted,  they  give  the  second  half  of  the  total  mortaUty  curve,  the 
first  half  of  the  curve  being  the  symmetrical  extension  backwards  of  this  locus. 
It  is  on  a  curve  of  this  form  that  the  figures  in  my  tables  tend  to  lie  if  they  are 
plotted  against  the  length  of  dose.  The  Encyclopaedia  Britanm'ca,  11th  edition, 
under  "Probability"  gives  in  Fig.  10  the  form  of  the  probabihty  curve  and  in 
paragraph  99  the  table  of  values  of  its  integral. 
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senting  the  total  number  of  organisms  subject  to  death.  The  total 
number  dead  increases  slowly  at  first  becoming  rapidly  larger  as  the 
point  of  50  per  cent  sterilization  is  approached.  From  here  on  the 
number  of  dead  increases  less  and  less  rapidly  until  finally  all  are 
dead. 

Slight  variations  in  the  conditions  of  the  experiment  may  shift 
this  period  of  rapid  steriUzation  a  little  one  way  or  the  other,  thus 
producing  excessive  variations  in  the  results  of  experiments  ending 
within  the  period.  Conversely  large  doses  will  require  considerable 
increments  to  produce  additional  deaths.  The  increase  in  energy 
required  to  kill  the  last  10  per  cent  is  greater  than  that  required  to 
kill  the  middle  50  per  cent. 

Influence  of  Fluorite. 

The  first  experiments  with  fluorite  were  made  with  the  native 
powder.  They  proved  unsatisfactory  on  account  of  the  controls, 
the  powder  alone  killing  a  large  percentage  of  the  organisms.  This 
was  probably  an  agglutinating  effect  produced  by  shaking  with  the 
very  fine  microscopic  crystals.  Larger  chipped  crystals  were  tried 
but  floating  crystals  here  disturbed  the  uniformity  of  size  of  the  drop 
on  the  plating  loop.  A  large  greenish  crystal  of  fluorite  weighing 
122  gm.  was  then  obtained  from  the  collection  of  the  Drexel  Institute 
and  into  this  a  hole  1  cm.  deep  was  drilled  with  a  No.  42  drill  (about 
fo  inch).  This  hole  when  thoroughly  washed  out  has  smooth  glass- 
like walls  and  organisms  suspended  in  water  placed  in  it  for  2  hours 
were  uninfluenced  as  shown  by  Table  III. 

TABLE    III. 

Influence  of  Fluorite  Container  Alone. 

Control  before 340,  320,  330 

Fluorite  hole,  2  hrs 360,  340,  320 

Paraffin     "     2  "    320,  330,  360 

Control  after 360,  310,  340 

Water  suspensions  of  B.  typhosus  placed  in  A  inch  holes  in  fluorite  and  paraffin 
and  left  there  for  2  hours.     The  suspensions  were  then  syringed  out  and  plated. 
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Some  difficulty  was  experienced  in  obtaining  uniform  loops  of 
material  for  plating  under  the  varying  conditions.  When  plating 
from  ordinary  test-tubes  the  surface  of  the  liquid  is  sufficiently  large 
so  that  its  surface  tension  does  not  influence  irregularly  that  of  the 
loop.  With  small  holes  or  small  drops  the  varying  surface  tension 
influences  considerably  the  size  of  the  drop  on  the  loop.  By  placing 
equal  quantities  of  material  on  cover-sKps  a  fairly  uniform  loopful 
could  be  obtained.  Suspensions  placed  in  small  holes  in  fiuorite  or 
paraffin  were  syringed  out  well  and  placed  on  cover-slips.  The  angle 
and  velocity  of  the  loop  in  leaving  the  drop  on  the  cover-slip  were  kept 
about  the  same  and  the  size  of  the  drop  was  observed  as  satisfactory 
before  plating.  Control  experiments  were  made  with  No.  42  holes  in 
paraffin  blocks.  Table  IV  gives  the  results  of  exposures  with  the 
Drexel  crystal. 

TABLE  IV. 

Bactericidal  Effect  of  Fiuorite  Fluorescence. 


Exposure. 

Fiuorite. 

Paraffin. 

Control,  not  exposed. 

min. 
15 
20 
20 

2,1,2 
2,  3,  4, 

8,7 

80,  75,  75,  75 
70,  100,  100 
140,  140 

105,    110,    115,    111,    117 

160, 170 
170,  170,  190 

Exposures  to  the  x-rays  of  water  suspensions  of  B.  typhosus  in  nj 
in  fiuorite  and  in  paraffin. 


inch  holes 


One  of  the  20  minute  exposures  gi\dng  a  95  per  cent  mortality  (7, 
8  colonies  per  sq.  cm.)  is  relatively  the  weakest  bactericidal  effect 
obtained  with  this  crystal  in  any  of  the  experiments.  The  correspond- 
ing controls  in  paraffin  showed  a  mortality  of  from  22  to  45  per 
cent,  depending  upon  the  length  of  exposure  and  upon  ordinary  ex- 
perimental variations.  As  indicated  above  the  95  to  98^  per 
cent  mortality  found  here  means  relatively  more  than  the  50  per  cent 
mortality  of  the  x-rayed  controls. 


Nature  of  the  Effect. 

In  order  to  limit  the  possibility  of  a  chemical  effect  induced  by  the 
x-rays  the  procedure  was  adopted  of  placing  the  organisms  in  small 


666 


BACTERICIDAL  FLUORESCENCE   EXCITED   BY   X-RAYS 


quartz  capillaries  and  sealing  with  a  tiny  bit  of  paraffin  at  each  end. 
This  operation  is  entirely  without  effect  ot  itself.  The  quartz  is 
transparent  to  ultra-violet  light  and  the  arrangement  limits  the 
possible  interpretations  of  the  experiment. 

The  results  of  these  exposures  are  given  in  Table  V.  They  paral- 
leled those  made  without  the  quartz  protection.  The  difference 
between  the  quartz  and  paraffin  exposures  may  be  accidental  or  it 
may  be  due  to  some  effect  of  the  quartz  itself.  It  is  not  impossible 
that  the  quartz  may  be  slightly  fluorescent  under  the  x-rays. 


TABLE  V. 
The  Bactericidal  Effect  of  Fluorite  Fluorescence  Is  Not  Chemical. 


Exposures. 

Controls. 

Exposure. 

Fluorite  and 
quartz. 

Quartz. 

Paraffin. 

Stock. 

Fluorite  2  hrs. 

Quartz  2  hrs. 

mitt. 

15 

15,  14 

60,  45,  40 

54,  52,  48 

140,  145, 
130 

130,  140, 
130,  160 

25 

0,0 

40,34 

40,43 

180,  200 

170,  180 

25 

1,1,  1 

15,  19,  16, 

17,  21,  19, 

16,18 

39,38,41, 
61 

140,  135 

120,  240 

120,  160 

Exposures  to  x-rays  of  water  suspensions  of  B.  typhosus  enclosed  in  quartz 
tubes  and  placed  in  a  hole  in  the  fluorite  crystal. 


Table  VI  gives  the  results  of  15  minute  exposures  of  other  crystals, 
with  protection. 

These  crystals  are  all  average  specimens  as  seen  in  mineralogy 
collections,  not  being  very  perfect  in  form.  They  included  clear 
white,  green,  and  purple  specimens.  All  were  about  equally  active 
except  a  rather  deeply  colored  light  green  crystal  from  Deming,  New 
Mexico.  Their  visible  fluorescence  under  the  x-rays  varied,  being 
green,  blue,  and  violet.     Their  weights  ranged  from  14  to  122  gm. 

Table  VII  gives  the  results  of  an  exposure  of  certain  of  these 
crystals,  the  suspensions  being  placed  in  the  holes  without  quartz 
protection. 
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TABLE   VI. 

Variatiofis  in  Crystals,  Quartz  Protection. 


Exposures. 

Controls. 

Fluorite  crystals. 

Quartz. 

Par- 

afEn. 

o 
en 

Origin. 

Drexel. 

Wear, 
England. 

Deming, 
N.  M. 

Freiberg, 
Saxony. 

Freiberg, 
Saxony. 

Macomb, 
N.  Y. 

Quartz. 

Weight     in 
gm. 

122 

97 

37 

14 

52 

46 

Color. 

Green. 

Bluish. 

Green. 

W'hite. 

Purple. 

Slightly 
green. 

Fluores- 
cence. 

Green. 

Blue. 

Green. 

Violet. 

Violet. 

Green. 

Bacterial 
count. 

15,  14 

16,  15 

28,35 

4,5 

8,7 

8 

60,  45, 
40 

54,  52, 
48 

140 
145 
130 

130,  140, 
130, 160 

Exposures  to  x-rays  of  water  suspensions  of  B.  typhosus  in  th  inch  holes  in  various 
crystals,  the  suspensions  being  protected  by  quartz. 


TABLE   VII. 
Variations  in  Crystals,  without  Quartz  Protection. 


Crystals. 

Controls. 

Exposure. 

Drexel. 

Freiberg 
(white). 

Macomb,  N.  Y. 

Deming, 

N.M. 

Paraffin. 

Stock. 

15  min 

2,  1,2 

1,1,  1 

2,2,2 

10, 10,  8 

80,85,75, 
75 

105,  110,  115,  111,  117 

None 

180, 180 

140, 180 

150,     160, 
150 

140,  160 

180,  160 

Exposures  to  the  x-rays  of  water  suspensions   of  B.   typhosus  in   holes  in   the 
various  crystals,  together  with  2  hour  controls,  without  exposure. 

The  rather  high  mortality  in  fluorite  shown  here  is  probably  not 
significant  of  anything  but  ordinary  experimental  variations. 

There  seems  to  be  no  insurmountable  obstacle  to  the  development 
of  substances  having  this  property  of  fluorite  and  at  the  same  time 
being  biologically  more  appropriate.  It  is  hoped  that  a  new  and 
productive  field  of  experimental  therapy  has  been  opened  up. 
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CONCLUSIONS. 

X-ray  fluorescence  has  been  pointed  out  as  a  mechanism  offering 
exceptional  possibilities  in  the  development  of  physicochemical  therapy. 

Experiments  are  given  which  demonstrate  that  under  these  con- 
ditions the  x-rays  may  have  a  strong  bactericidal  effect. 

The  x-rays  alone  have  a  partial  bactericidal  action  on  water  sus- 
pensions of  t}^hoid  bacilH. 

I  take  pleasure  in  expressing  my  indebtedness  to  Dr.  Paul  A.  Lewis 
for  his  advice  in  the  development  of  these  conceptions  and  the  carry- 
ing out  of  the  experiments. 


HEMOLYSINS  OF  VEGETABLE  ORIGIN. 

By  I.  L.  KRITCHEVSKY,  M.D. 

{From  the  Gabritchewsky  Bacteriological  Institute,  University  of  Moscow, 
Moscow,   Russia.) 

(Received  for  publication,  December  20,  1916.) 

In  previous  communications  I  reported  the  results  of  an  investi- 
gation on  the  bacterial  agglutinins,  precipitins  (bacterial  and  albu- 
gineous)  and  hemagglutinating  substances  found  in  the  sap  of 
Cotyledon  scheideckeri.  The  present  paper  deals  with  the  hemolysins 
which  I  have  discovered  in  the  sap  of  this  plant. 

2  cc.  of  sap  in  a  1 :  10  dilution  were  mixed  with  0.5  cc.  of  a  10  per  cent  suspen- 
sion of  sheep  erythrocytes  in  isotonic  salt  solution  (0.85  per  cent)  and  were  left 
for  ^  hour  at  37°C.  The  mixture  was  then  thoroughly  shaken,  whether  aggluti- 
nation was  observed  or  not,  and  was  again  left  at  37°C.  for  ^  hour.  The  result 
is  given  in  Table  I. 

TABLE   I. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemagglutination. 

Hemolysis.* 

1 

Jan.     7 

+ 

Strong. 

2 

"      20 

— 

None. 

3 

"      20 

- 

li 

4 

"      20 

+ 

Strong. 

5 

"       7 

+ 

u 

6 

"      20 

+ 

Present. 

7 

"     20 

— 

None. 

8 

"     20 

+ 

Strong. 

9 

Feb.    4 

+  ■ 

Present. 

10 

"        4 

+ 

Strong. 

11 

"        4 

+ 

« 

12 

"        4 

+ 

Slight. 

*  The  three  degrees  of  hemolysis  correspond  to  the  intensity  of  coloration  due 
to  hemoglobin:  strong,  present,  and  slight. 

The  experiments  show  (Table  I)  that  hemolysis  is  observed  only  in 
sap  that  contains  hemagglutinins;  when  the  Cotyledon  sap  is  deprived 
of  hemagglutinins  it  does  not  possess  hemolysins.    Moreover,  complete 
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hemolysis  never  appears  in  Cotyledon  saps,  and  the  hemolytic  power 
is  measured  by  the  intensity  of  color  of  the  liquid  covering  the  er3rth- 
rocytes.  According  to  von  Liebermann,  ricin  also  never  gives 
complete  hemolysis.  The  experiment  can  be  performed  with  ordinary 
test-tubes,  but  I  used  centrifuge  tubes  as  they  permit  a  more  rapid 
procedure,  and  I  submitted  the  suspension  to  centrifuging  after  f 
hour  at  37°. 

It  has  been  stated  that  the  agglutinated  erythrocytes  were  thor- 
oughly shaken  in  Cotyledon  sap ;  and  the  agglutinated  clot  again  fur- 
nished a  homogeneous  suspension,  at  least  macroscopically  homo- 
geneous. This  restoration  of  the  original  suspension  is  necessary  in 
order  to  obtain  hemolysis,  as  is  shown  in  the  following  experiment. 

2  cc.  of  sap  in  a  1:  10  dilution  were  mixed  with  0.5  cc.  of  a  10  per  cent  suspen- 
sion of  sheep  erythrocytes  and  left  at  37°  for  ^  hour.  After  \  hour  the  tubes  with 
the  saps  containing  hemagglutinins  were  left  at  37°  for  2  hours,  without  shaking 
the  agglutinated  erythrocytes  (Table  II). 

TABLE   II. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

4 

Jan.  20 

None. 

9 

Feb.    4 

« 

10 

"       4 

« 

11 

"       4 

« 

12 

"       4 

« 

The  comparison  of  these  results  with  the  corresponding  results  in 
Table  I  proves  that  we  cannot  obtain  hemolysis  without  thoroughly 
shaking  the  agglutinated  erythrocytes. 

Ehrlich  and  Baumgarten,  cited  by  Fraenkel,  observed  similar 
phenomena  with  ricin.  Von  Liebermann,  in  his  study  of  hemoly- 
sis in  ricin,  also  shook  the  agglutinated  corpuscles.  Fraenkel  does 
not  consider  this  absolutely  necessary,  having  observed  that  ricin 
in  large  amounts  is  able  to  dissolve  red  corpuscles  directly. 

Ehrlich  calls  attention  to  the  fact  that  agglutination  considerably 
reduced  the  superficies  of  the  erythrocytes  accessible  to  the  action  of 
the  surrounding  fluid  and  thus  prevents  hemolysis  in  the  sap. 
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1  have  previously  shown  that  the  bacterial  agglutinins,  precipitins, 
and  hemagglutinins  of  Cotyledon  can  be  bound  by  corresponding 
antigens.  This  is  also  the  case  with  the  hemolysins  of  Cotyledon 
scheideckeri. 

2  cc.  of  sap  in  a  1 :  10  dilution  were  mixed  with  0.5  cc.  of  a  10  per  cent  suspen- 
sion of  sheep  corpuscles  and  left  at  37°  for  ^  hour;  the  mixture  was  then  centri- 
fuged,  the  sap  was  decanted,  and  the  inner  surface  of  the  tube  and  t^e  erythro- 
cytes were  carefully  washed  three  times  with  isotonic  salt  solution  in  order  to  re- 
move the  remaining  vegetable  sap.  2  cc.  of  isotonic  salt  solution  were  intro- 
duced into  the  tube,  the  erythrocytes  were  thoroughly  shaken,  and  the  mixture 
was  left  at  37°  for  |  hour. 

TABLE  III. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

4 

Jan.  20 

Strong. 

Feb.    4 

« 

7 

Jan.  20 

« 

9 

Feb.    4 

Present. 

13 

"       4 

Slight. 

10 

"       4 

Strong. 

11 

"       4 

<( 

12 

"       4 

Slight. 

The  results  (Table  III)  show  that  hemolysins  of  vegetable  sap  can 
be  bound  with  erythrocytes;  after  fixation  the  hemolysis  can  take 
place  not  only  in  the  sap  of  plants,  but  also  in  isotonic  salt  solution. 
In  the  latter  case  the  hemolytic  power  remains  the  same  (Table  IV) ; 
neither  in  the  sap  nor  in  the  isotonic  salt  solution  do  we  obtain  com- 
plete hemolysis,  though  further  observations  still  showed  that  hemoly- 
sins were  present  in  the  vegetable  sap  after  the  binding  of  a  part  of 
the  hemolysins  by  a  suspension  of  erythrocytes  (Table  VI). 

TABLE    IV. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

In  vegetable  sap. 

In  isotonic  salt  solution. 

14 

Mar.  6 

Strong. 

Strong. 

15 

"      6 

u 

" 

16 

"      6 

li 

u 

17 

"     6 

11 

<< 
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Moreover,  a  comparison  of  Tables  III  and  V  shows  that  the  hemo- 
lytic power  of  the  red  cells  which  had  bound  the  Cotyledon  hemolysin 
does  not  increase  even  when  they  are  introduced  into  fresh  sap  con- 
taining the  original  quantity  of  hemolysins. 

2  cc.  of  sap  in  a  1:  10  dilution  were  mixed  with  0.5  cc.  of  a  10  per  cent  sus- 
pension of  sheep  corpuscles  (0.05  cc.  of  sediment)  and  left  at  37°  for  |  hour;  the 
mixture  was  centrifuged,  the  sap  decanted,  the  corpuscles  and  the  inner  surface 
of  the  tube  were  washed  three  times  with  isotonic  salt  solution;  2  cc.  of  fresh 
vegetable  sap  of  the  same  plant  were  introduced  into  the  tube,  the  erythrocytes 
were  thoroughly  shaken,  and  the  mixture  was  left  again  at  37°  for  §  hour. 

TABLE   V. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

4 

Jan.  20 
Feb.    4 

Strong. 

9 

"       4 

Present. 

10 

«       4 

Strong. 

12 

"       4 

Slight. 

The  last  two  experiments  led  to  the  conclusion  that  either  a  definite 
quantity  of  red  cells  is  able  to  bind  only  a  quantity  of  hemolysins 
which  is  insufficient  for  complete  hemolysis,  or  that  the  red  cells  are 
so  modified  during  the  process  of  binding  the  hemolysins  by  other 
substances  contained  in  the  sap  and  also  by  the  red  cells  themselves 
that  they  can  no  longer  be  completely  hemolyzed. 

1  shall  return  to  this  question  after  describing  a  series  of  related 
experiments.  It  seemed  important  to  determine  whether  the  sap 
possessed  free  hemolysins  after  being  incubated  for  h  hour  at  37°  with 
the  0.5  cc.  of  a  10  per  cent  suspension  of  erythrocytes  remaining 
in  the  sap;  in  other  words,  how  much  hemolysin,  measured  by  the 
amount  of  hemolyzed  erythrocytes,  was  contained  in  the  sap  of  each 
plant? 

2  cc.  of  sap  in  a  1 :  10  dilution  were  mixed  with  0.5  cc.  of  a  10  per  cent  suspen- 
sion of  sheep  corpuscles, left  for  J  hour  at  37°,  and  then  centrifuged;  the  corpuscles 
recovered  from  the  sap  were  washed  three  times  with  isotonic  salt  solution,  and 
tested  for  hemolysis  for  }  hour  at  37°  in  2  cc.  of  salt  solution;  the  decanted  sap 
was  again  mixed  with  fresh  erythrocytes  (0.5  cc.  of  a  10  per  cent  suspension)  and 
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left  in  the  thermostat  for  2  hour.  This  was  repeated  as  long  as  the  erythrocytes 
extracted  hemolysin  from  the  vegetable  sap,  and  consequently  were  undergoing 
hemolysis  in  2  cc.  of  isotonic  salt  solution  (Table  VI). 


TABLE  VI. 


4 

9 

10 

11 

12 


Feb.  4 

"  4 
"  4 
"  4 
"    4 


Hemolysis. 
O.S  cc.  of  erj'throcytes. 


Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Strong. 

Present. 

Present. 

Slight. 

None. 

None. 

None. 

None. 

Strong. 

(( 

None. 

« 

<< 

a 

« 

<< 

Strong. 

<< 

u 

u 

n 

ft 

« 

a 

Slight. 

(< 

« 

« 

(< 

None. 


"3  Bs 


3.5 
1.5 
1.0 
1.0 
1.5 


The  experiments  of  Table  VI  show  that  0.5  cc.  of  a  10  per  cent 
suspension  of  sheep  corpuscles  is  unable  to  bind  the  total  amount  of 
hemolysin  contained  in  the  sap. 

Moreover,  the  amount  of  hemolysins  found  in  the  sap  of  different 
plants  is  subject  to  the  same  fluctuations  as  that  of  bacterial  aggluti- 
nins, precipitins,  and  hemagglutinins  (Table  VI). 

Fraenkel  and  von  Liebermann  showed  that  the  hemolytic  power 
of  ricin  increased  in  proportion  to  the  quantity  of  this  phytalbumin. 
These  authors  disagree  only  as  to  the  question  of  the  limit  of  this 
power;  while  Fraenkel  succeeded  in  obtaining  complete  hemolysis, 
von  Liebermann  never  observed  it. 


TABLE   VII. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolj^is. 

10  per  cent  suspension. 

5  per  cent  suspension. 

8 

18 
19 
20 

21 

Feb.  25 

"      25 

"      25 

"      25 

Mar.    6 

Strong. 

Present. 
Strong. 

Strong. 
<( 

Present. 

Strong. 
<< 
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The  experiments  described  above  prove  that  the  presence  of  super- 
fluous hemolysins  in  Cotyledon  sap  has  no  influence  upon  the  intensity 
of  hemolysis  and  never  produces  the  total  dissolution  of  the  red  cells. 
Table  VII  gives  the  experiments  undertaken  in  order  to  observe  the 
hemolytic  processes  in  undissolved  Cotyledon  sap,  of  course  possessing 
far  greater  quantities  of  hemolysins  than  the  1:  10  dilutions  used 
for  the  preceding  experiments. 

The  procedure  was  the  same  as  in  the  experiments  given  in  Table 
I,  except  that  a  5  per  cent  suspension  of  sheep  red  cells  was  used  in 
addition  to  the  10  per  cent  suspension.  Complete  hemolysis  was  not 
observed. 

Like  the  bacterial  agglutinins,  precipitins,  and  hemagglutinins  al- 
ready described,  the  Cotyledon  hemolysin^  possess  a  strong  avidity  for 
red  cells  (Table  VIII)  and  cannot  be  separated  from  them  after  1 
hour  either  at  45°  or  75°. 

0.5  cc.  of  a  10  per  cent  suspension  of  sheep  corpuscles  was  mixed  with  2  cc.  of 
sap  in  a  1 :  10  dilution  and  left  at  37°  for  ^  hour;  the  sap  was  decanted,  the  erythro- 
cytes and  the  inner  surface  of  the  tube  were  washed  three  times  with  isotonic  salt 
solution,  then  3  cc.  of  isotonic  salt  solution  were  added  to  the  corpuscles,  and  the 
liquid  was  shaken  and  centrifuged.  1  cc.  of  salt  solution  taken  after  centrifuging, 
and  consequently  colored  from  hemolysis,  did  not  produce  hemolysis  with  0.5 
cc.  of  a  5  per  cent  suspension  of  fresh  erythrocytes.  It  was  superfluous,  there- 
fore, to  wash  the  red  cells  again,  which  had  bound  the  hemolysin.  The  cells  left 
in  the  tube  in  2  cc.  of  salt  solution  were  shaken  and  heated  for  1  hour  at  45°  and 
75°,  then  rapidly  centrifuged  in  the  heated  tubes;  the  salt  solution  was  decanted 
and  its  hemolytic  power  was  tried  against  fresh  sheep  cells,  as  in  the  experiments 
of  Table  I. 

TABLE   VIII. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

45°. 

75°. 

8 

Feb.  25 

None. 

None. 

18 

"      25 

It 

(( 

19 

"      25 

<< 

(( 

20 

"      25 

<( 

u 

Table  IX  shows  that  hemolysis  can  be  obtained  not  only  at  37°  but 
also  at  room  temperature  after  binding  the  hemolysins  with  the 
erythrocytes. 
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TABLE    IX. 

No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

4 
7 

Jan.  20 
"     20 

Strong. 

9 
10 
11 

Feb.    4 

Present. 

"       4 
"       4 

Strong. 
« 

12 

"       4 

Slight. 

It  has  already  been  mentioned  in  connection  with  Table  VI  that 
saps  of  different  plants  possess   different   quantities  of  hemolysins 
and  this  is  true  of  aU  other  antibodies.     The  same  method  was  ap- 
plied to  the  experiments  of  Table  X  which  had  been  used  to  determine 


TABLE   X. 

Ko.  of  plant. 

Date  of  collect- 
ing leaves. 

Solution  of  sap. 

Sap  in  2  cc.  of 
solution. 

Hemolysis. 

Hemagglutina- 
tion. 

4* 

Feb.    4 

:10 

cc. 
0.2 

Strong. 

+ 

:50 

0.04 

« 

-f 

:100 

0.02 

« 

+ 

:200 

0.01 

(< 

+ 

:250 

0.008 

Slight. 

+ 

300 

0.006 

None. 

-f 

7* 

Jan.  20 

10 

0.2 

Strong. 

+ 

50 

0.04 

(( 

-f 

100 

0.02 

Present. 

+ 

200 

0.01 

Slight. 

+ 

250 

0.008 

None. 

+ 

9* 

Feb.    4 

10 

0.2 

Present. 

+ 

50 

0.04 

Slight. 

+ 

100 

0.02 

None. 

+ 

10 

"      4 

10 

0.2 

Strong. 

+ 

50 

0.04 

" 

+ 

100 

0.02 

Slight. 

+ 

200 

0.01 

None. 



12 

"      4 

10 

0.2 

Slight. 

+ 

1  :50 

0.04 

None. 

+ 

The  limit  of  hemagglutination  is  represented  by  Solutions  4,  1 :  700-  7   1  •  300- 
and  9,  1 :  200. 
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the  quantities  of  bacterial  agglutinins,  precipitins,  and  hemaggluti- 
nins in  Cotyledon  sap.  Solutions  of  the  sap  were  prepared  and  the 
final  quantity  of  sap  that  no  longer  contained  hemolysins  was  ob- 
served.   The  method  was  like  that  described  in  Table  III. 

The  next  problem  was  to  determine  the  influence  of  high  tempera- 
tures upon  Cotyledofi  hemolysins.  The  sap  of  each  plant  was  heated 
to  temperatures  of  90°,  100°,  120°,  134°,  and  144°  for  1  hour;  it  was 
then  filtered,  and  the  experiment  with  the  heated  sap  was  conducted 
in  the  way  described  in  the  protocol  of  Table  III. 

Table  XI  represents  not  only  the  influence  of  high  temperatures 
upon  hemolysins,  but  also  upon  hemagglutinins. 

The  thermostabihty  of  the  hemolysins  varies  in  different  plants, 
like  that  of  the  other  antibodies  in  Cotyledon  sap. 

The  suppression  of  the  hemolytic  properties  at  a  certain  tempera- 
ture and  their  reappearance  at  higher  ones  such  as  134°  and  144° 
(Nos.  18,  February  25;  19,  February  25  and  March  6;  20,  February 
25  and  March  6;  and  15,  March  6)  is  a  phenomenon  of  particular 
interest. 

A  similar  fact  has  been  described  by  Landsteiner  and  von 
Rauchenbichler  in  regard  to  staphylococcal  hemolysins  which  recover 
their  activity  at  100°  after  inactivation  at  65°.  Landsteiner 
explains  this  by  assuming  that  at  65°  the  hemotoxin  is  bound 
with  other  substances  contained  in  the  filtrate  of  staphylococcal 
cultures,  and  at  100°  the  hemotoxin  is  again  free.  We  may  apply 
this  explanation  to  the  analogous  phenomenon  in  Cotyledon  sap. 

The  reappearance  of  the  hemolytic  properties  at  higher  tempera- 
tures after  apparent  inactivity  makes  it  seem  possible  that  still  higher 
temperatures,  which  for  practical  reasons  could  not  be  applied,  would 
again  deHver  the  bound  hemolysins. 

We  must  also  take  into  consideration  the  fact  that  the  sap  which 
recovers  its  hemolytic  power  after  a  temporary  inactivity  is  able  to 
cause  complete  hemolysis  of  sheep  red  corpuscles,  and  that  the  quan- 
tity of  the  hemolysin  of  sap  which  can  be  bound  by  the  erythrocytes 
is  sufficient  for  a  total  dissolution  of  the  latter;  if,  nevertheless,  we  do 
not  observe  complete  hemolysis,  we  may  suppose  that  the  quantity  of 
hemolysins  in  question,  instead  of  being  directly  bound  with  the 


TABLE   XI, 


No.  of  plant. 

Date  of  collecting 
leaves. 

Temperature. 

Hemagglutination. 

Hemolysis. 

°C. 

4 

Feb.       4 

100 

+ 

Strong. 

110 

+ 

<< 

120 

+ 

<( 

134 

+ 

« 

144 

+ 

None. 

7 

Jan.      20 

90 

+ 

Strong. 

100* 

+ 

None. 

8 

Mar.      6 

90 

+ 

Present. 

100* 

+ 

None. 

9 

Feb.      ■  4 

90 

+ 

Present. 

100* 

+ 

None. 

10 

4 

90 

+ 

Strong. 

100* 

+ 

None. 

12 

4 

90 

+ 

Slight. 

100* 

+ 

None. 

18 

"        25 

100 

+ 

Present. 

120 

+ 

None. 

134 

+ 

« 

144 

- 

Total. 

Mar.       6 

100 

+ 

Strong. 

120 

+ 

<( 

134 

+ 

Present. 

144 

+ 

None. 

19 

Feb.      25 

100 

+ 

Slight, 

120 

+ 

None. 

134 

+ 

Total. 

144 

+ 

« 

•   Mar.       6 

100 

+ 

Strong. 

120 

+ 

None. 

134 

— 

Total. 

144 

- 

it 

22 

6 

90 

+ 

Strong. 

100* 

+ 

None. 

20 

Feb.      25 

100 

+ 

Strong. 

120 

+ 

None. 

134 

+ 

« 

144 

- 

Total. 

Mar.       6 

100 

+ 

Strong. 

120 

+ 

Present. 

134 

+ 

None. 

144 

— 

Total. 

14 

6 

90 

+ 

Slight. 

100* 

+ 

None. 

15 

"        6 

100 

+ 

Slight. 

120 

+ 

None. 

134 

— 

Total. 

144 

— 

i( 

*  Even  at  120,  134,  and  144°  there  was  no  hemolysis. 

are  omitted  to  avoid  repetition. 
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er>i;hrocytes,  is  bound  with  some  other  substance  contained  in  Coty- 
ledon sap  and  bound  with  the  erythrocytes  through  its  second  receptor, 
in  many  saps  temperatures  of  134°  and  144°  destroy  tliis  unknown 
substance  and  thus  set  free  a  part  of  the  hemolysins ;  these  hemolysins 
added  to  those  that  are  bound  with  the  erythrocytes  directly  are  now 
able  to  cause  complete  hemolysis.  At  the  same  time  this  unknown 
substance,  or  perhaps  another  one  destroyed  at  similar  temperatures, 
modifies  the  erythrocytes  to  such  an  extent  that  it  is  impossible  to  dis- 
solve them  completely  even  in  distilled  water  (Table  XII).  On  this 
account  we  must  conclude  that  the  absence  of  complete  hemolysis  in 
the  experiments  described  above  is  due  to  some  substance  destroyed  in 
many  saps  at  the  temperatures  of  134°  and  144°,  thus  preventing  the 
appearance  of  complete  hemolysis  either  by  binding  a  part  of  the 
hemolysins  needed  for  complete  hemolysis,  or  by  a  reversible  altera- 
tion of  the  erythrocytes  so  as  to  make  them  inaccessible  to  the  action 
of  any  other  hemolytic  agents,  and  of  the  part  of  hemolysins  directly 
bound  with  the  red  cells,  which  perhaps  would  be  sufficient  by  itself 
to  hemolyze  the  red  cells  completely. 

In  order  to  test  the  hemolytic  power  of  distilled  water  against  sheep 
red  corpuscles,  I  proceeded  as  in  the  experiments  described  in  Table 
III;  but  distilled  water  was  used  for  washing  the  tube  and  the  eryth- 
roc}i:es,  and  the  latter  were  shaken  in  distilled  water.  Both  the  ex- 
periment and  the  control  were  made  with  0.5  cc.  of  a  5  per  cent  sus- 
pension of  sheep  corpuscles  and  4.5  cc.  of  distilled  water. 

The  experiments  of  Table  XIII  show  the  hemolytic  power  of  Coty- 
ledon sap  against  the  red  cells  of  the  sheep,  horse,  goose,  and  frog. 
The  procedure  was  the  same  as  in  the  experiments  of  Table  III. 

Thus  Cotyledon  sap  hemolyzes  erythrocytes  of  different  species  of 
vertebrates. 

TABLE   XII. 


Date  of  collecting  leaves. 

Hemolysis. 

No.  of  plant. 

5  cc.  of  10  per  cent  sus- 
pension in  (2  cc.)  iso- 
tonic salt  solution. 

Distilled  water. 

8 

18 
19 
20 

Feb.  25 

"     25 
"     25 
"     25 

Strong. 
« 

Present. 
Strong. 

Strong. 

« 
« 
« 
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TABLE   Xin. 


No.  of  plant. 

Date  of  collect- 
ing leaves. 

Hemolysis  of  erythrocytes  of  different  species- 

Sheep. 

Horse. 

Goose. 

Frog.* 

4 
9 

Feb.  4 
"    4 

Strong. 
Present. 

Slight. 
Present. 

Strong. 
Present. 

Present. 
« 

13 
10 
11 

"    4 
"    4 
"    4 

Slight. 
Strong. 

u 

None. 
Present. 

None. 

Strong. 
« 

None. 

Present. 
« 

12 

"    4 

Slight. 

Slight. 

« 

(< 

*  The  hemolysis  of  frog  erythrocytes  takes  place  slowly  and  repeated  shaking  is 
necessar>'.  The  binding  of  hemolysin  also  proceeds  slowly;  it  is  better  to  prolong 
it  for  1  hour  instead  of  §  hour. 

The  next  problem  was  to  establish  the  relation  between  hemolysins 
on  the  one  hand  and  bacterial  agglutinins,  precipitins,  and  hemag- 
glutinins of  Cotyledon  scheideckeri  on  the  other. 

The  experiments  in  Tables  I  and  II  show  that  the  vegetable  sap 
contains  hemolysins  only  when  it  contains  hemagglutinins,  or,  ac- 
cording to  former  studies,  when  it  possesses  antibodies  in  general. 
Table  XIV  shows  that  whenever  the  hemagglutinins  are  extracted 
from  the  sap  the  hemolysins  simultaneously  disappear. 

2  cc.  of  sap  were  freed  of  hemagglutinins  by  fractional  addition  of  different 
quantities  of  a  10  per  cent  suspension  of  sheep  corpuscles  and  subsequent  centrif- 
ugation  and  were  mixed  with  0.5  cc.  of  a  10  per  cent  suspension  of  sheep  cells; 
the  mixture  was  left  for  2  hours  at  37°;  the  cells  were  shaken  every  half  hour. 


TABLE   XIV. 


No.  of  plant. 

Date  oi  collecting  leaves. 

Hemolysis. 

Hemagglutination. 

4 

Jan.  20 

None. 



7 

"     20 

i( 

— 

9 

Feb.    4 

« 

— 

10 

"       4 

(( 

— 

12 

"       4 

« 

— 

The  identity  of  hemagglutinins  and  hemolysins  is  contradicted  by 
the  fact  that  the  activity  of  hemagglutinins  persists  during  the  tem- 
porary inactivity  of   the   hemolysins    (Table   XII).     The   opposite 
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phenomenon,  that  vegetable  sap  retains  its  hemolytic  properties  in 
spite  of  the  absence  of  hemagglutinins,  seems  to  confirm  the  difiference 
of  these  two  elements,  but  it  can  be  explained  even  without  rejecting 
the  theory  of  the  identity  of  the  processes  of  agglutination  and  hemol- 
ysis (held  by  EhrHch,  Fraenkel,  von  Liebermann):  as  to  the  sub- 
stance preventing  hemolysis  which  disappeared  at  high  temperatures, 
we  may  assume  that  the  complete  hemolysis  we  observe  is  due  to 
some  substance  at  once  able  to  hemolyze  and  to  agglutinate  the  red 
cells  depending  on  various  accessory  conditions. 


TABLE    XV. 


No.  of  plant. 

Date  of  collecting 
leaves. 

Horse  serum  neces- 
sary to  extract 
precipitins  (1:5). 

Hemolysis. 

Precipitation. 

23 

Feb.  4 

cc. 

0.6 

None. 

None. 

9 

"    4 

0.3 

u 

it 

10 

"    4 

0.3 

it 

it 

11 

"    4 

0.4 

it 

it 

12 

"    4 

0.5 

11 

it 

TABLE    XVI. 


No.  of  plant. 

Date  of  collecting 
leaves. 

Bacteria  necessary 
to  extract  agglu- 
tinins. 

Hemolysis. 

Hemagglutination . 

23 
9 
10 
11 
12 

Feb.  4 
"    4 
"    4 
"    4 
"    4 

1.0  tube.* 
0.7     " 
0.5     " 
0.5     " 
0.6      " 

None. 
« 

it 

it 

it 

- 

*  A  whole  culture  was  washed  oflf  with  1  cc.  of  isotonic  salt  solution. 

At  any  rate  it  is  impossible  to  affirm  categorically  the  identity  of 
the  hemolysins  and  the  hemagglutinins  of  Cotyledon  scheideckeri;  we 
can  only  estabUsh  the  parallelism  of  their  presence  in  the  sap  and  their 
simultaneous  extraction  by  erythrocytes  (Table  XIV). 

Likewise,  the  hemolysins  are  extracted  from  Cotyledon  sap  together 
with  bacterial  agglutinins  (Table  XVI)  and  precipitins  (Table  XV). 

The  quantity  of  horse  serum  or  bacterial  mass  {Bacillus  typhi)  necessary  for 
the  extraction  of  all  precipitins  or  bacterial  agglutinins  from  2  cc.  of  sap  in  a  1:  10 
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dilution  was  first  determined.  The  previously  ascertained  quantity  of  serum 
(inactivated  at  56°)  or  of  bacteria  was  then  introduced  into  2  cc.  of  fresh  sap  in 
a  1:  10  dilution;  after  precipitation  (30  minutes  at  room  temperature)  or  aggluti- 
nation (1  hour  at  37°)  the  mixture  was  centrifuged,  the  liquid  decanted,  and  its 
hemolytic  properties  were  tested  as  in  the  experiments  of  Table  III.  An  experi- 
ment was  done  to  control  the  complete  absence  of  precipitins  or  agglutinins. 

The  experiments  in  Table  XVII  show  the  influence  of  animal  serum 
upon  the  hemolytic  power  of  Cotyledon  sap. 

Horse  serum  inactivated  for  ^  hour  at  56°  was  added  to  2  cc.  of  sap  in  a  1 :  10 
dilution;  the  mixture  was  shaken  and  0.5  cc.  of  a  10  per  cent  suspension  of  sheep 
cells  was  added.  After  centrifuging  for  ^  hour  at  37°  the  liquid  was  decanted, 
and  the  tube  and  the  cells  were  washed  with  isotonic  salt  solution.  The  experi- 
ment was  continued  like  those  in  Table  III. 

TABLE   XVII. 


No.  of  plant. 

Date  of 
collecting  leaves. 

Serum  added. 

Precipitation. 

Hemaggluti- 
nation. 

Hemolysis. 

4 

Feb.  4 

cc. 

0.1 

+ 

* 

0.01 

+ 

+ 

- 

0.002 

+ 

+ 

- 

9 

"     4 

0.01 

+ 

+ 

— 

10 

"     4 

0.01 

+ 

+ 

— 

11 

"     4 

0.01 

+ 

+ 

- 

12 

"     4 

0.01 

+ 

+ 

— 

*  When  the  experiment  was  conducted  like  those  of  Table  I  the  results  were 
the  same. 


The  serum  prevents  hemolysis  in  vegetable  sap;  in  these  experi- 
ments the  lack  of  paralleHsm  between  the  hemolytic  and  hemaggluti- 
nating  properties  of  the  sap  is  also  e\ddent.  The  quantities  of  serum 
used  for  the  experiment  (0.01  to  0.002  cc.)  deprived  the  sap  of  its 
hemolysins,  but  did  not  influence  the  activity  of  its  hemagglutinins. 
(The  lack  of  parallelism  between  hemolysis  and  hemagglutination  in 
the  experiments  of  Table  X  is  also  e\ident.  The  agglutination  of 
erythrocytes  often  takes  place  in  the  absence  of  hemolysis.)  Only 
large  quantities  of  serum  (0.1  cc.)  destroy  both  these  properties  at 
once. 

However,  the  serum  prevents  hemolysis  only  when  it  is  introduced 
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into  the  sap  before  the  addition  of  erythrocytes.  In  all  the  experi- 
ments the  serum  produced  precipitation;  on  this  account  we  may 
assume  that  the  hemolysins  pass  into  the  precipitate  (Table  XVII). 

In  this  experiment  the  serum  was  introduced  after  the  red  cells; 
hemolysis  went  on  normally,  because  the  red  cells  had  time  enough 
to  bind  the  hemolysin  before  the  addition  of  serum  (Table  XVIII). 

0.5  cc.  of  a  10  per  cent  suspension  of  sheep  cells  was  mixed  with  1.9  cc.  of  sap; 
the  mixture  was  shaken,  immediately  (20  to  40  seconds)  afterwards  serum  was 
added,  and  the  entire  solution  was  shaken  again.  The  mixture  was  left  for  ^ 
hour  at  37°,  and  then  centrifuged.  The  liquid  was  decanted,  the  inner  surface  of 
the  tube  and  the  red  cells  were  washed  with  isotonic  salt  solution  three  times,  and 
the  experiment  was  continued  like  those  of  Table  III. 

TABLE   XVin. 


No  of  plant. 

Date  of  collecting 
leaves. 

Serum  added. 

Hemagglutination. 

Hemolysis. 

4 

Feb.  4 

cc. 
0.01 

+ 

Strong. 

9 

"    4 

0.01 

+ 

Present. 

10 

"    4 

0.01 

+ 

Strong. 

11 

"    4 

0.01 

+ 

it 

12 

"    4 

0.01 

+ 

Slight. 

The  experiments  of  Table  XVIII  also  show  the  short  interval  of 
time  necessary  for  binding  the  hemolysins  with  the  erythrocytes. 

The  experiments  of  Table  XIX  confirm  the  supposition  that  the 
serum  deprives  the  Cotyledon  sap  of  its  hemolysins  because  it  causes 
the  precipitation  of  the  hemolysins  in  the  solution,  and  not  because  it 
is  present  in  the  sap. 

TABLE   XIX. 


No.  of  plant. 

Date  of  collecting  leaves. 

.,   Serum  added. 

Hemolysis. 

9 

Feb.  4 

cc. 

0.01 

Present. 

10 

"    4 

0.01 

Strong. 

11 

"    4 

0.01 

<( 

12 

u     4 

0.01 

Slight. 
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These  experiments  were  conducted  like  those  of  Table  III,  but  in  this  case 
serum  was  added  to  the  mixture  of  erythrocytes  (bound  with  hemolysins)  and 
isotonic  salt  solution.  The  total  quantity  of  liquid  in  the  experiment  was  2.5  cc. 
Table  XIX  shows  that  hemolysis  was  always  observed. 

A  series  of  experiments  was  undertaken  to  determine  the  recipro- 
cal relation  of  the  vegetable  hemolysins  and  the  immune  hemolytic 
amboceptor. 

0.5  cc.  of  a  5  per  cent  suspension  of  sheep  corpuscles  was  sensitized  for  1  hour 
at  37°  by  1  cc.  of  rabbit  hemolytic  amboceptor  against  sheep  corpuscles  contain- 
ing three  hemolytic  doses.  The  total  quantity  of  liquid  was  2.5  cc.  The  mix- 
ture of  erythrocytes  and  hemolytic  serum  was  centrifuged,  the  liquid  decanted, 
and  the  sensitized  erythrocytes  were  washed  three  times  with  isotonic  salt  solu- 
tion, mixed  with  2  cc.  of  sap  in  a  1 :  10  dilution,  and  left  for  §  hour  at  37°.  Hemag- 
glutination was  always  observed  in  the  saps.  The  liquid  was  again  decanted,  the 
erythrocytes  were  washed,  and  the  cells  shaken  in  2  cc.  of  salt  solution,  and  left 
for  §  hour  at  37°. 

TABLE   XX. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

8 

Jan.  20 

Strong. 

9 

Feb.    4 

Present. 

10 

"       4 

Strong. 

11 

"       4 

« 

12 

"       4 

Slight. 

The  presence  of  hemolysis  in  the  absence  of  complement  (Table  XX) 
indicates  the  following :  either  the  Cotyledon  hemolysins  are  bound  by 
a  group  of  erythrocytes  different  from  the  receptor  bound  with  the 
hemolytic  amboceptor,  or  the  same  receptor  can  be  bound  by  the 
vegetable  hemolysin  and  the  hemolytic  amboceptor,  yet  the  Cotyledon 
hemolysin  possessing  a  greater  avidity  supplants  the  amboceptor. 

The  experiments  of  Table  XXI  confirm  the  second  hypothesis ;  the 
erythrocytes  being  bound  with  the  vegetable  hemolysins,  they  be- 
come inaccessible  to  the  hemolytic  amboceptor;  the  hemolysins  of 
vegetable  sap  adhere  to  the  erythrocytes  because  of  their  greater 
avidity. 

The  experiments  were  conducted  like  those  of  Table  III,  but  in  this  case  1  cc. 
of  hemolytic  serum  containing  3  hemolytic  doses  was  added  after  the  erythro- 
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cytes  were  washed.  The  mixture  was  left  for  1  hour  at  37°  and  then  centrifuged; 
the  liquid  was  decanted  and  tested  for  the  presence  of  the  hemolytic  amboceptor 
(1  cc.  of  liquid  plus  0.5  cc.  of  a  5  per  cent  suspension  of  sheep  corpuscles  plus  1 
cc.  of  guinea  pig  complement,  left  for  1  hour  at  37°);  the  erythrocytes  were  care- 
fully washed  and  tested  as  in  the  experiments  of  Table  III. 


TABLE   XXI. 


No.  of  plant. 

Date  of  collecting 
leaves. 

Hemolysis    of     erythro- 
cytes bound  with  sap 
and   afterward    mixed 
with  hemolytic  ambo- 
ceptor. 

Presence     of     hemolytic 
amboceptor    after  cen- 
trifuging    cells     bound 
with  hemolysin  Cotyle- 
don. 

23 

Feb.  4 

Strong. 

Total  hemolysis.* 

9 

"     4 

Present. 

U                       it 

10 

"     4 

Strong. 

a               ti 

11 

"    4 

« 

it               it 

12 

"    4 

Slight. 

a                It 

*  The  control  experiment  proved  that  the  quantity  of  hemolytic  amboceptor 
left  free  after  sensitizing  erythrocytes  not  modified  by  sap  was  insignificant;  in 
the  presence  of  0.1  cc.  of  complement  it  caused  weak  hemolysis  with  abundant 
precipitation  of  erythrocytes  on  the  bottom  of  the  tube. 

Further  experiments  (Tables  XXII  and  XXIII)  also  confirm  the 
hypothesis  that  the  same  receptor  forms  the  object  of  binding  for  the 
vegetable  hemolysin  as  well  as  for  the  hemolytic  amboceptor,  and 
that  in  consequence  the  two  hemolysins  cannot  be  bound  with  the 
red  cells  simultaneously,  because  the  hemolysin  possessing  a  greater 
avidity  leaves  no  place  for  the  other  one. 

The  experiments  of  Table  XXII  prove  that  the  complement  is 
unable  to  produce  complete  hemolysis  of  red  cells  sensitized  by  the 
hemolytic  amboceptor  and  afterwards  modified  by  Cotyledon  sap. 

Experiments  were  conducted  like  those  of  Table  XX;  the  sensitized  red  cor- 
puscles were  submitted  to  the  action  of  Colyledon  sap,  carefully  washed,  and  thor- 
oughly mixed  with  1  cc.  of  guinea  pig  complement  in  a  dilution  of  1:  10.  This 
quantity  of  complement  during  .2-  hour  caused  complete  hemolysis  of  0.5  cc.  of 
a  5  per  cent  suspension  of  sheep  corpuscles,  in  the  presence  of  three  hemolytic 
doses  of  amboceptor,  the 'total  quantity  of  liquid  in  the  tube  being  2.5  cc.  The 
tube  was  then  filled  with  isotonic  salt  solution  until  thequantity  of  liquid  was  2.5 
cc,  and  was  left  for  2-  hour  at  37°. 
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TABLE   XXII. 


No.  of  plant. 

Date  of  collecting  leaves. 

Hemolysis. 

9 
10 
11 
12 

Feb.  4 
"    4 
"    4 
"    4 

Present. 

Strong. 
tt 

Slight. 

In  the  present  case  we  must  attribute  the  absence  of  complete 
hemolysis  to  the  disappearance  of  the  hemolytic  amboceptor  from  the 
erythrocytes  and  not  to  the  incapacity  of  the  hemolytic  system  to 
dissolve  completely  the  erythrocytes  modified  by  the  sap.  This  is 
proved  by  the  fact  that  the  complement  is  left  free  in  the  liquid  (Table 
XXIII). 

Experiments  were  conducted  like  those  of  Table  XXII,  but  in  this  case  only  1 
cc.  of  complement  was  added  to  the  sensitized  red  cells  altered  by  the  vegetable 
sap.  The  tube,  not  filled  with  salt  solution,  was  shaken  and  left  for  §  hour  at 
37°.  After  centrifugation  the  liquid  was  decanted  and  tested  in  order  to  discover 
the  presence  of  the  complement  (1  cc.  of  liquid  plus  1  cc.  of  hemolytic  serum  in 
three  doses  plus  0.5  cc.  of  a  5  per  cent  suspension  of  erythrocytes). 

TABLE   XXIII. 


No.  of  plant. 

Date  of  collecting  leaves. 

Presence  of  complement  in  guinea 
pig  serum    after    elimination   of 
sensitized   erythrocytes  modified 
by  Cotyledon. 

23 

9 

10 

11 

Feb.  4 
"    4 
"    4 
"    4 

Total  hemolysis. 
it              << 

U                          i( 

«                  « 

The  hemolysins  like  the  bacterial  agglutinins,  precipitins,  and  hem- 
agglutinins, were  left  when  the  sap,  in  a  1 :  10  dilution,  was  filtered  in 
a  Chamberland  filter.  These  experiments  were  conducted  with  the 
sap  of  Plants  8,  18,  19,  and  20,  on  February  25. 


CONCLUSIONS. 


1.  The  sap  of  Cotyledon  scheideckeri  possesses  hemolysins  for  the 
red  corpuscles  of  different  animals. 
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2.  The  hemolysins  of  vegetable  sap  can  be  bound  by  erythrocytes 
and  cannot  be  separated. 

3.  A  definite  quantity  of  erythrocytes  is  able  to  extract  from  the 
sap  only  a  part  of  the  hemolysins  it  contains. 

4.  The  quantity  of  hemolysins  in  the  sap  of  different  plants  is 
subjected  to  the  same  fluctuations  as  that  of  bacterial  agglutinins, 
precipitins,  and  hemagglutinins. 

5.  As  the  hemolysins  are  bound  by  erythrocytes,  the  hemolysis 
can  take  place  not  only  at  37°  but  also  at  15-16°. 

6.  The  thermostabihty  of  the  hemolysins  varies  from  one  indi- 
vidual plant  to  another. 

7.  In  many  cases  the  vegetable  sap  loses  its  hemolytic  properties 
at  a  certain  temperature  and  recovers  them  at  a  higher  one. 

8.  The  vegetable  sap  is  unable  to  produce  complete  hemolysis  of 
erythrocytes. 

9.  But  the  sap  of  many  plants  acquires  the  power  to  dissolve  red 
corpuscles  completely  after  1  hour  of  heating  at  134°  and  144°. 

10.  Erythrocytes  modified  by  Cotyledon  sap  cannot  be  dissolved 
completely  even  by  distilled  water. 

11.  The  agglutination  of  the  erythrocytes  and  their  hemolysis  are 
conditioned,  probably,  by  different  substances. 

12.  The  hemolytic  amboceptor  and  the  hemolysin  of  Cotyledon 
scheideckeri  can  be  bound  with  the  same  receptor  of  the  erythrocytes. 
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STUDIES    ON    THE    DEVELOPMENT    OF    TOXICITY    IN 
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{From  the  Experimental  Laboratory  of  the  Brady  Urological  Institute,  Johns 
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(Received  for  publication,  May  25,  1917.) 

The  following  study  was  conducted  with  the  purpose  of  further 
investigating  the  production  of  toxic  material  in  closed  loops  of 
high  intestine  in  dogs.  These  experiments  are  a  continuation  of  the 
work  of  Davis, ^  and  of  Stone,  Bernheim,  and  Whipple. ^  In  the  work 
of  Davis,  intestinal  secretion,  collected  by  irrigation  of  the  duodeno- 
jejunum,  excluding  pancreatic  secretion,  was  kept  under  chloroform 
and  toluene  a  number  of  days  in  a  warm  place,  and  studied  for  its 
toxic  properties.  These  fluids  were  found  to  be  toxic,  and  it  was 
felt  that  the  intestinal  secretion  was,  possibly,  toxic  at  the  moment 
of  its  elaboration.  In  the  light  of  subsequent  work,  however,  the 
author  feels  that  his  conclusions  are  subject  to  revision.  The  con- 
dition under  which  the  fluid  was  kept  did  not  absolutely  exclude  the 
possibihty  of  bacterial  growth.  Whipple,  Stone,  and  Bernheim^ 
studied  the  toxic  properties  of  fluids  collected  in  closed  loops  of  in- 
testine left  in  situ,  and  certain  inferences  were  reached  as  to  the 
source  of  the  toxin  in  these  fluids.  The  present  article  deals  with  a 
further  effort  to  investigate  these  inferences,  in  consequence  of 
which  light  has  been  thrown  on  them  from  a  different  point  of  view. 
In  the  work  referred  to,  the  rapidity  with  which  toxins  developed, 

^  Davis,  D.  M.,  Intestinal  obstruction:  Formation  and  absorption  of  toxin. 
Bull.  Johns  Hopkins  Hosp.,  1914,  xxv,  33. 

2  Stone,  H.  B.,  Bernheim,  B.  M.,  and  Whipple,  G.  H.,  The  experimental 
study  of  intestinal  obstruction,  A?in.  Surg.,  1914,  lix,  712. 

^Whipple,  Stone,  and  Bernheim,  Intestinal  obstruction.  I.  A  study  of  a 
toxic  substance  produced  in  closed  duodenal  loops,  /.  Exp.  Med.,  1913,  xvii,  286; 
II.  A  study  of  a  toxic  substance  produced  by  the  mucosa  of  closed  duodenal 
loops,  307. 
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the  generally  assumed  paucity  of  bacteria  in  high  intestinal  loops, 
and  certain  other  reasons,  led  to  the  assumption  that  the  activity 
of  the  mucous  membrane  of  closed  loops  was  the  essential  factor 
in  toxin  production,  and  that  bacteria  probably  played  a  minor  part, 
if  any,  in  this  process.  Our  present  data  justify  the  conclusion  that 
toxins  indistinguishable,  as  far  as  the  symptoms  and  anatomical 
lesions  produced  by  them  are  concerned,  from  those  found  in  closed 
loops,  may  be  elaborated  from  intestinal  secretion  in  vitro,  and  hence 
make  questionable  the  theory  of  the  essential  part  played  by  the 
living  mucosa  of  closed  loops. 

Toxicity  of  Intestinal  Secretion  Heated  to  90-9 5° C. 

As  a  point  of  departure  for  this  work  we  desired  to  determine 
whether  intestinal  loop  secretion,  obtained  in  such  a  manner  that  it 
was  as  nearly  normal  as  possible,  was  in  itself  toxic.  In  order  to  do 
this,  it  was  necessary  not  only  to  make  an  effort  to  exclude  bacterial 
action,  as  by  the  addition  of  chloroform  and  toluene,  but  also  to  elim- 
inate the  action  of  enzymes  present  in  the  secretion.  For  this  pur- 
pose the  following  experiment  was  devised.  Under  anesthesia,  the 
intestine  was  divided  just  distal  to  the  lower  pancreatic  duct,  and 
again  at  a  point  in  the  high  jejunum  so  as  to  isolate  a  loop  of  duo- 
denojejunum.  The  upper  and  lower  ends  of  this  loop  were  brought 
out  of  the  abdominal  cavity,  and  connected  with  rubber  tubing  so 
that  the  isolated  loop  could  be  washed  through  and  the  washings 
collected.  The  loops  were  irrigated  with  distilled  water.  A  given 
volume  of  water,  usually  1  liter,  was  passed  through  the  loop  repeat- 
edly so  that  large  quantities  of  fluid  would  not  have  to  be  handled. 
A  number  of  experiments  were  carried  out  with  this  operative  tech- 
nique, the  loop  being  washed  by  a  slow,  continuous  stream  for  periods 
ranging  from  3^  to  10  hours.  The  washings  were  collected  over  a 
boiling  water  bath,  the  temperature  in  the  collecting  flask  being 
90-95°C.  This  temperature  may  be  assumed  to  be  destructive  of 
both  enzymes  and  bacteria,  so  that  fluid  so  collected  and  reheated 
for  I  hour  on  the  2  succeeding  days,  to  allow  for  the  presence  of  spore- 
bearing  organisms,  remains  unchanged,  if  kept  with  aseptic  precau- 
tions.    Fluid    so    collected   was   injected    intravenously   into    small 
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dogs,  in  two  experiments,  and  produced  no  symptoms  whatever. 
In  other  experiments,  conducted  under  anesthesia,  injection  of  this 
fluid  caused  no  change  in  blood  pressure. 

Toxicity  of  Unhealed  Intestinal  Secretion. 

It  might  be  suspected,  however,  that  the  heating  itself  destroyed 
a  toxin  normally  present  in  intestinal  secretion.  To  eliminate  this 
possibility,  the  washings  were  collected  as  described  above,  except 
that  they  were  not  heated.  This  fluid  was  immediately  injected 
intravenously  into  a  small  dog,  also  without  the  production  of  any 
symptoms.  In  addition,  in  two  other  experiments,  similar  unheated 
fluids,  which  had  been  preserved  for  a  time  by  the  addition  of  chloro- 
form and  toluene,  were  injected  after  driving  off  these  substances 
at  a  comparatively  low  temperature  with  the  aid  of  reduced  pressure, 
without  producing  symptoms.  From  these  experiments,  we  concluded 
that  the  intestinal  secretion,  as  produced  in  these  loops  is  devoid  of 
toxic  properties,  and  that  if  it  is  heated  immediately  at  90-95°C.  and 
kept  sterile,  the  development  of  toxic  properties  is  prevented. 

The  next  step  was  to  discover  whether  this  non-toxic  fluid  would 
take  on,  outside  the  body,  the  toxic  properties  characteristic  of  closed 
loop  contents.  Unheated  loop  washings,  collected  in  sterile  flasks 
and  kept  as  far  as  possible  from  external  contamination,  were  incu- 
bated at  37°C.  for  18  hours.  The  fluids  at  this  time  showed  evident 
and  profuse  bacterial  growth.  Upon  intravenous  injection,  in  two 
experiments,  these  incubated  washings  caused  the  death,  in  about 
6  hours,  of  small  dogs.  In  both  cases  the  symptoms  and  anatomical 
pictures  were  the  same  as  those  seen  after  the  injection  of  closed  loop 
contents.  The  small  intestine  was  intensely  injected  and  hemor- 
rhagic, most  markedly  in  the  upper  duodenum.  In  one  case,  the 
quantity  used  represented  the  coUection  during  40  minutes,  and  in 
the  other  during  80  minutes. 

Toxicity  of  Unheated  Intestinal  Secretion  Treated  with  Chloroform  and 

Toluene. 

The  development  of  toxic  properties  by  the  loop  washings  might 
be  ascribed  to  the  influence  of  bacterial  growth  or  to  the  action  of 
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enzymes,  probably  proteolytic,  derived  from  the  intestinal  mucosa. 
In  either  case,  the  substrate  would  have  to-be  the  proteins  of  the  suc- 
cus  entericus,  no  other  substance  except  distilled  water  being  present. 
A  method  of  differentiation  by  which  either  enzymic  or  bacterial 
action  alone  could  be  made  responsible  for  the  change  is  difficult  to 
devise.  Passage  of  loop  washings  through  a  Berkefeld  filter  was  not 
attempted,  since  the  adsorption  of  a  large  part  or  all  of  the  enzymes 
by  the  material  of  the  filter  might  be  expected. 

Fractional  sterilization  of  the  loop  washings  offered  little,  since 
growth  of  bacteria  occurs  between  sterilizations,  and  in  addition  the 
temperature  of  sterilization  approaches  that  at  which  enzymes  are 
injured. 

Finally  experiments  were  carried  out  in  which  unheated  loop  wash- 
ings were  treated  with  chloroform  and  toluene.  Portions,  in  one 
case  one-half  the  amount  collected  in  3|  hours,  and  in  one  case  one- 
third  the  amount  collected  in  4  hours,  were  kept  several  days  and  then 
freed  of  the  preservative  substances  by  distillation.  The  second  por- 
tion had  in  addition  been  incubated  at  37°C.  for  18  hours.  It  was 
hoped  that  this  procedure,  while  preventing  bacterial  growth,  would 
allow  opportunity  for  any  enzymes  present  to  act.  The  fluids  were 
injected  intravenously  immediately  after  the  distillation,  and  no 
symptoms  of  poisoning  were  observed  in  the  dogs  used. 

The  other  portions  of  loop  washings  from  the  experiments  con- 
cerned were  incubated  for  18  hours  at  37°C.,  after  being  freed  from 
the  preservatives  by  distillation  at  reduced  pressure,  and  then  in- 
jected. In  one  case  in  which  the  distillation  was  carried  out  at  a 
temperature  of  about  80°C.  the  injection  of  the  fluid  in  a  test  dog 
produced  no  symptoms  of  poisoning.  In  the  other,  a  better  vacuum 
was  obtained,  and  the  temperature  of  the  distillation  never  exceeded 
60°C.  The  injection  of  this  fluid  produced  a  period  of  shallow 
respirations  and  weak  pulse  during  the  injection,  but  at  the  end  the 
animal  was  in  good  condition  and  ran  about  the  floor  before  being 
put  in  the  cage.  Extreme  prostration  supervened  in  4  hours  and  the 
dog  died  during  the  ensuing  night.  There  was  no  diarrhea.  At 
autopsy  the  intestine  was  pale  and  showed  nothing  abnormal  except 
the  presence  of  a  rather  large  amount  of  gas.  The  content  of  the 
small  intestine  was  a  bile-stained  fluid.     The  mucosa  showed  no 
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hemorrhage  or  congestion.  This  picture  is  entirely  unHke  that 
caused  by  the  injection  of  closed  loop  fluid,  and  has  never  been  ob- 
served by  either  of  the  authors  in  long  series  of  such  injections. 

In  both  these  last  experiments,  the  fluids,  after  removal  of  the 
preservatives  and  incubation  for  18  hours,  showed  growth,  oi  Bacillus 
subtilis  in  spite  of  the  precautions  taken.  It  is  probable  that  the 
spores  of  this  organism  survived  the  treatment  with  chloroform  and 
toluene. 

From  these  experiments,  we  cannot  say  positively  that  bacteria 
are  responsible  for  the  development  of  toxicity  in  loop  washings,  but 
they  offer  no  support  to  the  conception  that  enzymes  are  the  cause 
of  such  development.  These  experiments,  together  with  the  pre- 
vious ones  reported  by  one  of  us  (Davis*),  show  that  loop  washings 
can  become  toxic  outside  the  body,  producing  symptoms  like  those 
caused  by  closed  loop  fluid.  In  this  case  there  can  be  no  question 
of  the  perverted  activity  of  the  epithelial  cells  of  the  mucosa.  In 
addition,  it  is  clear  that  unless  chloroform  and  toluene  inhibit  the 
enzymes  in  this  intestinal  fluid,  their  action  alone  does  not  produce 
the  toxic  properties. 

SUMMARY. 

1.  Intestinal  secretion,  collected  by  the  method  described  in  this 
paper,  is  non-toxic  when  fresh. 

2.  This  secretion,  when  heated  immediately  to  90-95°C.  and  kept 
sterile,  remains  non-toxic. 

3.  This  secretion,  when  not  heated,  remains  non-toxic  when  kept 
under  chloroform  and  toluene,  even  if  incubated  at  37 °C. 

4.  This  secretion,  when  not  heated,  but  collected  in  a  sterile  flask, 
becomes  toxic  upon  incubating  18  hours,  producing  symptoms  Hke 
those  of  closed  loop  fluid. 

5.  The  secretion,  when  treated  with  chloroform  and  toluene,  and 
later  incubated  for  18  hours,  after  these  preservatives  have  been 
removed  by  distillation  at  60°C.,  does  not  produce  lesions  typical  of 
closed  loop  fluid. 

■*  Davis,  Natural  immunity  of  animals  against  poison  of  intestinal  obstruction, 
Bidl.  Johns  Hopkins  Hasp.,  1914,  xxv,  39. 


A  COMPARATIVE  STUDY  OF  SERUM  AND  LYMPH 
FERMENTS  AFTER  FEEDING. 

By  benjamin  F.  DAVIS,  M.D.,  and  WILLIAM  F.  PETERSEN,  M.D. 

{From  the  Laboratory  of  Physiological  Chemistry  of  the  College  of  Medicine  of 
the  University  of  Illinois,  Chicago.) 

(Received  for  publication,  June  2,   1917.) 

In  a  preceding  paper  Jobling  and  his  associates'  have  discussed  the 
ferment  changes  that  are  observed  in  the  serum  of  dogs  after  feeding. 
During  the  course  of  that  work  certain  abrupt  alterations  in  the 
titer  of  the  ferments  were  occasionally  encountered,  changes  that 
seemed  to  us  to  appear  more  rapidly  than  would  be  anticipated  from 
gradual  absorption  following  the  stimulation  of  the  ferment-producing 
organs. 

In  order  to  study  these  relations  more  fully  we  have  undertaken  a 
comparison  of  the  lymph  and  serum  alterations  following  feeding, 
collecting  the  lymph  from  a  thoracic  duct  fistula  and  taking  samples 
of  the  blood  at  varying  time  intervals. 

The  technique  used  was  the  same  as  described  in  the  previous  paper^ 
except  that  the  action  of  the  proteolytic  ferments  has  been  acceler- 
ated by  incubating  at  from  47°  to  50°C.,  which  represents  more  nearly 
the  optimum  temperature  than  37°C.,  heretofore  used.  The  pepti- 
dase (ereptase)  has  been  estimated  by  the  dilution  method  with  the 
digestion  of  a  peptone  solution  and  subsequent  production  of  the 
tryptophane  reaction  with  bromine  water. 

EXPERIMENTAL. 

Normal  dogs  of  from  15  to  20  kilos  were  operated  on  as  a  rule 
in  the  morning,  a  lymph  fistula  was  established,  and  recovery  ■  from 
the  operation  permitted.  A  liter  of  fresh  milk  was  then  fed.  The 
lymph  was  completely  collected  in  half  hour  periods;  the  blood  was 
taken  at  various  time  intervals. 

^  Jobling,  J.  W.,  Petersen,  W.,  and  Eggstein,  A.  A.,  /.  Exp.  Med.,  1915, 
xxii,  129. 
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Protease  {Text-Fig.  7).— The  serum  protease  was  found  to  increase 
uniformly  until  a  maximum  was  reached  between  the  1st  and  2nd 
hours  after  feeding,  following  which  a  progressive  decrease  occurred 
until  in  some  animals  no  protease  action  could  be  determined  in  the 
serum. 

The  lymph  protease  decreased  progressively  following  the  feeding, 
in  some  experiments  quite  rapidly,  so  that  the  negative  phase  of  the 
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Text-Fig.  1.  Effect  of  feeding  on  serum  and  lymph  protease  and  ereptase 
(peptidase). 

ferment  action  (proteosynthesis?)  appeared  within  2  to  3  hours  after 
the  feeding. 

Peptidase.— The.  peptidase  of  the  lymph  is  increased  rapidly  as  a 
rule  after  the  feeding,  reaching  a  maximum  at  about  the  time  that  the 
maximum  flow  of  lymph  is  observed.  The  peptidase  of  the  serum, 
on  the  contrary,  gave  no  evidence  of  an  increase  after  the  feeding 
(Text-fig.  1). 
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Antiferment. — In  the  previous  experiments  wide  fluctuations  were 
noted  in  the  antiferment  titer,  which  are  readily  understood  when  the 
fact  that  the  antiferment  titers  of  the  serum  and  lymph  are  not 
necessarily  equal  is  taken  into  consideration,  so  that  the  volume  of 
the  lymph  flow  entering  the  circulation  appreciably  modifies  the  anti- 
ferment titer  of  the  serum. 
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Text-Fig.  2.  Effect  of  feeding  on  the  antiferment  titer  of  the  lymph  and 
serum. 
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The  milk  feedings  used  in  these  experiments  caused  a  gradual  in- 
crease in  the  antiferment  titer  of  the  lymph,  but  did  not  influence  the 
titer  of  the  blood  serum  (Text-fig.  2,  A). 

In  the  next  experiment  the  milk  fats  were  removed  and  75  cc.  of 
olive  oil  added  to  the  milk  in  their  place.  It  will  be  observed  that  in 
this  case  the  antiferment  titer  of  the  lymph  actually  decreased,  the 
serum  showing  a  very  sKght  increase  (Text-fig.  2,  B). 

In  Text-fig.  2,  C  is  illustrated  the  effect  of  feeding  5  gm.  of  sodium 
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Text-Fig.  3.  Relation  of  the  antiferment  to  the  lymph  concentration  and 
stalagmometric  determination. 
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oleate,  preceded  by  neutralization  of  the  gastric  acidity.  In  this  case 
the-  antiferment  both  of  the  lymph  and  of  the  serum  increased 
considerably. 

Relation  of  the  Antiferment  to  the  Lymph  Concentration  and  Stalag- 
mometric  Determinations. — Coincident  with  these  experiments  we  have 
studied  the  relation  of  the  antiferment  to  the  concentration  of  the 
lymph  as  determined  by  the  total  amount  of  proteins  contained,  and 
also  to  the  rate  of  flow  through  the  stalagmometer.  As  will  be 
observed  in  Text-fig.  3,  the  stalagmometric  rate  is  influenced  markedly 
by  the  concentration  of  the  lymph.  The  antiferment  on  the  other 
hand  bears  no  relation  to  these  two  curves  and  its  titer  is  obviously 
independent  of  the  concentration  of  the  proteins. 

DISCUSSION   AND   SUMMARY. 

In  these  experiments  in  which  the  lymph  and  serum  ferments  and 
antiferment  have  been  studied  separately,  the  changes  that  are  found 
to  occur  are  uniform  and  consistent.  Possibly  as  a  result  of  increased 
blood  flow  through  the  ferment-producing  organs  a  moderate  amount 
of  protease  is  directly  absorbed  into  the  blood  stream,  but  when  in- 
testinal digestion  is  actively  under  way  this  rapidly  diminishes  in 
extent.  If  any  protease  is  absorbed  during  digestion  from  the  gastro- 
intestinal tract  it  is  probably  removed  when  it  reaches  the  liver. 
The  ereptase,  or  peptidase,  is  evidently  absorbed  directly  from  the 
intestinal  tract  and  enters  the  circulation  through  the  lymphatic 
channels. 

The  influence  of  the  diet  on  the  antiferment  of  the  lymph  is  striking 
and^  accounts  for  the  fluctuations  observed  in  previous  experiments. 
Following  the  milk  meal  the  increase  occurs  gradually  in  the  lymph 
in  an  amount  that,  when  diluted  in  the  blood  stream,  would  be  only 
nominal.  When  the  fats  of  the  milk  were  replaced  by  olive  oil  in 
large  amounts  it  is  surprising  to  find  a  decrease  in  the  antiferment 
instead  of  an  increase  in  titer,  as  might  be  expected  in  view  of  the 
nature  of  the  antiferment.  This  result,  however,  is  probably  due  to 
the  fact  that  the  antiferment  lipoids  of  the  serum  and  Ijrmph  may 
exist  in  both  water  and  fat  dispersion  phases,  but  are  active  as  anti- 
ferments  only  when  in  the  former.     If  the  amount  of  the  fats  of  the 
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serum  is  increased,  as  it  is  after  the  olive  oil  feeding,  more  of  the 
antiferment  will  enter  the  fat  phase  and  will  as  a  result  be  rendered 
inactive.  When  the  feeding  included  the  sodium  oleate,  the  anti- 
ferment  was  in  consequence  increased  in  both  the  serum  and  the 
lymph,  some  of  the  soap  being  apparently  absorbed  directly  into  the 
blood  stream.  It  is  possible  that  the  titer  of  the  antiferment  may 
be  altered,  therefore,  by  means  of  selective  feeding. 


A  COMPARATIVE  STUDY  OF  LYMPH  AND  SERUM  FER- 
MENTS DURING  PROTEIN  SHOCK  REACTIONS. 

By  benjamin  F.  DAVIS,  M.D.,  and  WILLIAM  F.  PETERSEN,  M.D. 

{From  the  Laboratory  of  Physiological  Chemistry  of  the  College  of  Medicine  of  the 

University  of  Illinois,  Chicago.) 

(Received  for  publication,  June  25,   1917.) 

During  the  course  of  investigations  concerning  the  mechanism  of 
recovery  following  the  so  called  "protein  shock  therapy"  we  have 
been  interested  in  determining  the  comparative  changes  that  occur 
in  the  l}Tnph  and  blood  serum  and  the  possible  manner  in  which 
these  changes  are  brought  about. 

It  is  well  known  that  certain  substances,  which  Heidenhain  (1)  classi- 
fied as  l>Tnphagogues  of  the  first  class,  among  them  peptone,  egg 
albumin,  tissue  extracts,  etc.,  cause  a  marked  increase  in  the  lymph 
flow,  supposed  to  be  derived  largely  from  the  liver.  This  increased 
flow  may  continue  a  considerable  time  following  such  injection. 
Teague  and  McWilhams  (2)  have  recently  advanced  the  interesting 
explanation  that  this  phenomenon  is  responsible  for  the  therapeutic 
effect  of  the  protein  shock  in  that  the  antibodies  of  the  blood  are 
forced  into  the  lymph  spaces  and  there  destroy  the  invading  organ- 
isms. There  is  no  doubt  that  the  bacterial  injections  used  in  these 
experiments  (Bacillus  coli)  do  bring  about  a  great  augmentation  of 
the  lymph  flow,  as  will  be  observed  from  the  charts,  and  the  explana- 
tion of  Teague  and  McWilliams  may  well  account  in  a  large  measure 
for  the  therapeutic  effects. 

EXPERIMENTAL. 

The  technique  used  has  been  identical  with  that  described  in  the 
previous  papers.  Dogs  of  from  20  to  40  kilos  were  anesthetized,  a 
thoracic  duct  fistula  was  estabhshed,  and  after  recovery  from  the  op- 
eration killed  colon  bacilli  were  injected  intravenously,  the  amount 
used  for  the  shock  varying  from  two  to  three  slants  of  a  24  hour 
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agar  culture.  When  necessary  small  doses  of  morphine  were  given, 
although  we  have  endeavored  to  avoid  such  measures.  If  the  ani- 
mals are  injected  too  soon  after  the  operation  and  before  complete 
recovery  has  been  made  from  the  anesthetic,  considerable  resistance 
to  the  shock  may  be  manifest  and  the  temperature  reaction  delayed 
for  several  hours. 

Lymph  Volume. — The  increase  in  the  rate  of  flow  of   the  lymph 
follows  immediately  upon  the  injection  (Text-fig.  1)  and  in  severe 

LYMPH  FLOW 
CC. 


5MINUTE  TIME   INTERVALS 

Text- Fig.  \.    Volume  of  lymph  flow  following  Bacillus  coli  vaccine  injection. 

intoxications  two  periods  of  maximum  flow  seem  to  occur,  the  first 
immediately  after  the  injection  and  persisting  for  from  20  to  30 
minutes,  the  second  after  approximately  1  hour,  the  latter  increase 
being  continued  over  a  longer  period  of  time.  When  the  intoxica- 
tion is  not  so  great  the  two  phase  curve  does  not  occur,  the  increase 
being  less  in  extent  but  persisting  for  a  longer  period  of  time. 

Concentration  of  the  Lymph  and  Serum  and  the  Relation  to  the 
Stala^mo metric  Determination. — The  concentration  of  the  lymph  fol- 
lowing the  injection  is  considerably  increased,  as  determined  by  the 
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Kjeldahl  method  for  total  protein  nitrogen,  although  the  concentra- 
tion of  the  non-protein  nitrogen  may  decrease,  as  shown  in  Table  I. 


TABLE 

I. 

Time  of  sample. 

Blood. 

Lymph. 

Total  nitrogen 
per  cc. 

Non-protein 
nitrogen  per  cc. 

Total  nitrogen 
per  cc. 

Non-protein 
nitrogen  per  cc. 

a.m. 

mg. 

mg. 

mg. 

mg. 

11.30-12.00  (before  injection) 

9.8 

0.45 

7.8 

0.5 

12  n.  2  slants  of  colon  bacilli 

injected. 

p.m. 

12.05-12.15 

9.5 

0.50 

7.5 

0.45 

12.15-12.30 

9.7 

0.45 

8.4 

0.45 

12.30-  1.00 

7.5 

0.45 

1.00-  1.30 

9.8 

0.50 

7.8 

0.47 

1.30-  2.00 

8.4 

0.35 

2.00-  2.30 

9.5 

0.50 

8.5 

0.35 

The  effect  of  the  concentration  of  the  lymph  is  observed  directly 
in  the  rate  of  the  stalagmometric  flow,  which  is  decreased  when  the 
concentration  becomes  greater.  This  does  not  always  hold  true  for 
the  blood  serum,  however,  as  shown  in  Text-fig.  2.  A  considerable 
diminution  of  the  number  of  drops  per  minute  was  observed,  with- 
out a  corresponding  increase  in  the  concentration  of  the  serum. 
Such  a  change  must  be  due  to  an  alteration  in  the  dispersion  of  the 
serum  colloids. 

Antiferment. — In  a  preceding  paper  (3)  it  was  shown  that  con- 
siderable fluctuations  are  to  be  observed  in  the  antiferment  titer  of 
the  lymph  following  feeding.  The  changes  noted  following  protein 
shock  make  it  probable  that  the  antiferment  is  supplied  to  the  blood 
stream  wholly  by  way  of  the  lymphatics,  and  not  directly  from  the 
cells  to  the  blood.  In  Text-fig.  3,  A  and  B,  are  illustrated  two  curves 
of  the  antifermenjt  index  (0.05  cc.  of  serum  and  lymph)  following 
intravenous  bacterial  injection. 

In  Text-fig.  3,  A  will  be  observed  the  prompt  and  marked  rise  in 
the  antiferment  of  the  lymph  stream  while  the  titer  of  the  serum  re- 
mains unaltered.  Text-fig.  3,  B  shows  a  more  gradual  increase  in 
the  antiferment  of  the  lymph  with  a  coincident  fall  in  the  titer  of 
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the  blood  serum.  The  increase  in  the  antiferment  observed  in  the 
lymph  persisted  in  our  experiments  for  the  duration  of  the  time 
under  observation,  usually  about  5  hours.  The  increase  probably 
would  continue  if  the  animal  were  permitted  to  live  for  a  longer  period 
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Text-Fig.  2.  Relation  of  serum  and  lymph  concentration  and  stalagmo- 
metric  determinations.  A,  volume  of  lymph;  B,  concentration  expressed  as 
mg.  of  nitrogen  per  cc;  C,  stalagmometric  determination. 

of  time.     No  relation  to   the  stalagmometric  determination  or  to 
the  protein  concentration  of  the  fluids  was  observed. 

Protease. — The  effect  of  the  bacterial  shock  on  the  protease  con- 
tent of  the  lymph  and  serum  is  marked  in  extent.  Three  types  of 
reaction  may  be  distinguished:   (a)    the  fluctuations  in  titer  may 
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occur  simultaneously,  (b)  those  of  the  serum  may  precede  those  of  the 
lymph,  and  finally,  (c)  there  may  be  no  relation  of  the  one  to  the 
other,  as  illustrated  in  Text-fig.  4,  C,  in  which  the  protease  of  the  lymph 
increased  and  that  of  the  serum  diminished.  Until  more  information 
concerning  the  origin  and  the  distribution  of  these  ferments  in  the 
vascular  channels  is  available,  it  seems  useless  to  endeavor  to  interpret 
these  findings. 
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Text-Fig.  3.  Antiferment  of  the  lymph  and  serum  following  vaccine  injections. 
A  and  B  represent  two  different  types  of  reaction. 

Peptidase. — The  fluctuations  of  the  peptidase,  or  ereptase  titer, 
do  not  parallel  those  of  the  protease;  indeed  the  curves  may  be 
quite  dissimilar.  As  a  rule  the  increase  makes  its  appearance  later 
than  that  of  the  protease  and  is  less  extensive.  When  alterations 
in  titer  do  occur  they  appear  almost  simultaneously  in  both  the  lymph 
and  serum,  although  in  a  few  experiments  the  ferment  was  first  to  be 
observed  in  the  serum.  It  is  at  any  rate  apparent  that  the  en- 
trance into  the  blood  stream  can  be  direct  and  does  not  need  to 
take  place  via  the  lymph  channels,  although  under  normal  conditions, 
i.e.,  feeding,  this  seems  to  be  one  portal  of  entry. 

Lipase. — ^W^hile  the  increase  in  this  ferment  occurs  in  both  lymph 
and  blood  following  shock,  it  seems  to  make  its  appearance  first  in 
the  serum  (Text-fig.  5).     In  Text-fig.  5,  A  it  will  be  observed  that 
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while  the  lymph  titer  was  greater  than  that  of  the  blood  at  first, 
the  increase  was  first  apparent  in  the  serum,  although  the  final  titer 
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Text-Fig.  4.  Protease  liter  following  vaccine  injections.     A,  B,  and  C  rep- 
resent three  different  types  of  reaction. 


was  equal  in  both  lymph  and  serum.  In  Text-fig.  5,  B  is  illustrated 
an  experiment  in  which  the  increase  occurred  primarily  and  to  the 
greatest  extent  in  the  serum. 
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sodium  hydroxide.     A  and  B  represent  two  different  types  of  lipase  reaction. 

Diastase. — The  diastatic  activity  of  both  the  serum  and  lymph 
remained  practically  equal  and  without  change  following  the  bacterial 
injections  in  all  the  experiments. 


DISCUSSION    AND    SUMMARY. 

The  relation  of  two  phenomena  involved  in  the  mechanism  of  re- 
covery following  protein  shock  therapy  is  shown  in  these  experi- 
ments to  be  due  to  changes  that  concern  the  lymph  rather  than  the 
serum.  The  first  of  these,  the  increase  in  the  rate  of  flow  of  the 
lymph,  has  been  suggested  by  Teague  and  McWilliams  as  a  possible 
factor  in  recovery  from  infection  when  due  to  bacteria  proKferating 
in  the  lymph  spaces  and  inaccessible  to  the  antibodies  of  the  serum 
(typhoid).  By  means  of  the  protein  shock,  antibody-rich  fluids 
(serum)  are  forced  into  the  lymph  channels.  That  the  antibodies 
of  the  serum  are  augmented  following  the  shock  has  been  demon- 
strated by  Culver  (4).  With  this  possibility  in  mind  it  is  to  be  ex- 
pected that  bacterial  infection  not  confined  to  the  lymph  spaces 
will  not  be  influenced  by  shock  therapy  to  the  same  extent.  How 
far  this  holds  true  we  are  unable  to  state,  although  von  Decastello  (5) 
has  called  attention  to  the  fact  that  while  he  was  able  to  cause  rapid 
lysis  or  a  crisis  in  typhoid  patients  following  the  shock  reaction,  the  in- 
jection of  a  similar  amount  of  vaccine  in  typhus  fever  was  without 
effect.  The  second  factor,  the  great  increase  in  the  antiferment,  is 
clearly  due  to  the  amount  of  the  antiferment  entering  the  general 
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circulation  through  the  lymph  stream.  This  accounts  for  the  marked 
fluctuations  observed  in  the  titer  of  the  serum  antiferment  in  patients 
following  protein  shock.  If,  for  instance,  the  original  titer  of  the 
lymph  is  less  than  that  of  the  blood,  the  first  flushing  of  the  lymphatic 
current  into  the  blood  channel  will  tend  to  lower  the  titer  of  the 
serum,  but  with  the  increased  amount  in  the  Ijonph  after  the  shock 
the  titer  of  the  scrum  will  also  increase. 

Bacteria  proliferate  best  where  the  antiferment  is  absent,  as  Wright 
(6)  has  noted  in  his  studies  on  war  wounds,  a  fact  that  is  also  com- 
monly applied  in  bacteriological  technique  when  we  employ  ascitic 
fluids,  containing  relatively  little  antiferment,  preferably  to  serum, 
in  culture  media. 

The  increased  lymph  flow  that  follows  the  shock  reaction  would 
have  value  then,  not  only  in  forcing  specific  antibodies  into  the 
lymph  channels,  but  in  increasing  the  antiferment  there  as  well, 
which  would  aid  in  checking  the  growth  of  bacteria. 
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STUDIES  IN  GLOMERULONEPHRITIS. 

ni.  An  Attempt  to  Produce  Glomerulonephritis  by  Repeated 
Injections  of  Bacteria. 

By  HAROLD  KNIEST  FABER,  M.D.,  and  VIRGINIA  MURRAY,  M.D. 

{From  the  Laboratory  of  Pediatrics  of  Stanford  University  Medical  School,  San 

Francisco.) 

Plate  54. 

(Received  for  publication,  June  8,  1917.) 

The  present  paper  records  an  effort  to  reproduce  glomerular  nephritis 
in  animals  by  inoculations  of  bacteria,  especially  by  repeated  inocula- 
tions such  as  might  be  expected  to  evoke  phenomena  of  immunity, 
allergy,  or  sensitization.  The  indication  for  the  attempt  is  found  in 
the  hypotheses  put  forth  by  several  writers  in  explanation  of  diffuse 
glomerulonephritis,  especially  that  occurring  as  a  late  sequel  or  compli- 
cation of  scarlet  fever. 

Volhard  and  Fahr  state  that  it  is  characteristic  of  diffuse  nephritis  that  it 
appears  at  a  time  when  immune  processes  are  active  and  speak  of  a  "diffuse  toxic 
action."  Ophiils  has  suggested  that  the  glomerular  endothehum  acquires  strong 
bacteriolytic  properties  which  cause  an  "explosive"  reaction  when  the  bacteria 
are  again  introduced  into  the  tissue,  lesions  being  caused  by  disruption  products 
of  the  bacteria.  The  most  elaborate  development  of  the  theory  is  that  of  von 
Pirquet  and  Escherich  and  Schick,  who  apply  it  also  to  the  other  late  complications 
of  scarlet  fever.  It  may  be  summarized  as  follows:  At  the  beginning  of  the  disease, 
during  the  acute  symptoms,  the  virus  circulates  in  the  body,  sensitizing  the  cells 
in  the  same  way  as  do  all  the  foreign  proteins.  The  immune  substances  (ergins) 
begin  to  appear  at  the  end  of  the  2nd  week.  At  this  time  a  reinvasion  of  the  body 
from  various  foci  occvu-s,  a  specific  reaction  or  combination  between  antigen  and 
antibody  takes  place,  and  this,  after  the  latent  period  common  to  allergic  reactions 
in  general,  leads  to  active  signs  and  symptoms  of  the  scarlatinal  sequelae.  The 
latter  actually  occur  in  the  3rd  and  4th  weeks,  between  the  19th  and  22nd  days. 
It  is  also  part  of  the  theory  that  the  smaller  the  amount  of  protein  acting  in  the 
preliminary  sensitization,  the  sharper  wiU  be  the  later  allergic  reaction. 

Von  Pirquet  and  Escherich  and  Schick  state  that  in  the  case  of  scarlet  fever 
experimental  proof  of  the  allergic  hypothesis  must  await  the  discovery  of  the 
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specific  virus  of  the  disease,  but  Lohlein  asserts  that  streptococci  are  either 
demonstrable  or  probably  associated  in  all  cases  of  diffuse  nephritis,  and  it  is 
commonly  accepted  (Holt  and  Howland)  that  many  of  the  complications  of 
scarlet  fever,  including  nephritis,  are  probably  due  to  secondary  infection  with 
streptococci. 

It  therefore  seemed  logical  to  attack  this  problem,  in  a  way  somewhat 
like  that  in  which  arthritis  was  previously  studied,  by  investigating 
the  effect  upon  the  kidney  of  repeated  inoculations  of  streptococci. 
In  \iew  of  the  fact  that  streptococci  cause  the  production  of  only  small 
amoimts  of  recognizable  antibodies  in  the  serum,  it  was  conceived  that 
a  more  decisive  test  of  the  part  played  by  humoral  bacteriolysis^  at  least, 
would  be  furnished  if  bacteria  {Bacillus  coli  communior)  capable  of 
evoking  large  amounts  of  serum  antibodies  were  used.  As  a  still  further 
test,  the  effect  of  repeated  large  doses  of  these  bacteria  in  a  highly  im- 
munized and  therefore  resistant  animal  was  investigated.  Finally,  sev- 
eral strains  of  Staphylococcus  aureus  were  used  for  repeated  inoculation. 

EXPERIMENTAL. 

With  the  exception  of  Bacillus  coli  communior,  all  the  bacteria  used 
in  the  following  experiments  were  isolated  from  the  throats  of  patients 
in  the  1st  week  of  scarlet  fever.  The  first  inoculation  was  usually 
from  the  second  or  third  generation.  In  general,  the  organism  found 
in  greatest  abundance  was  used.  As  a  rule  this  was  the  streptococcus 
which  was  found  in  a  majority  of  instances  to  be  of  the  non-hemolytic 
type  {Streptococcus  salivarius).  In  a  few  instances  a  predominant 
growth  of  Staphylococcus  aureus  was  obtained  and  once  the  Klebs- 
Loeffler  bacillus  outgrew  the  other  varieties. 

Rabbits  were  used  exclusively,  usually  young  females  weighing  from 
1,200  to  1,800  gm. 

AH  tissues  were  fixed  for  routine  examination  in  Orth's  solution,  and 
in  formalin  for  frozen  sections  and  for  sections  to  be  stained  for  bacteria 

'  Here  and  elsewhere  in  this  paper  the  term  bacteriolysis  is  used  to  imply  the 
proteolysis  that  is  assumed  to  occur  when  bacterial  antigens  are  subjected  to  the 
action  of  complement  and  antibody.  Joblingand  Petersen  have  recently  shown  that 
the  phenomenon  may  be  rather  a  process  of  solution  than  of  proteolytic  cleavage. 
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by  the  Giemsa  method.  All  sections,  except  the  last  named,  were 
stained  by  Van  Gieson's  method. 

Giemsa  stains  were  used  on  nearly  all  the  kidneys,  which  were  care- 
fully examined,  without  success,  for  bacteria. 

The  results  of  the  experiments  are  given  in  Table  I. 

In  general  the  glomerular  changes  were  strikingly  slight,  though 
a  majority  showed  one  or  more  of  the  minor  changes  commonly  found 
in  glomerular  nephritis,  such  as  swelling  of  the  endothelium,  increase 
of  the  endothelial  nuclei,  and  small  amounts  of  granular  exudate  in  the 
capsular  space.  If  the  data  are  examined  closely  it  wiU  be  seen  that 
the  extent  of  such  changes  bears  no  appreciable  relation  to  the  number 
of  injections  or  the  character  of  the  bacteria  injected.  Lesions  are 
perhaps  somewhat  more  frequent  in  those  animals  which  died  spontane- 
ously than  in  those  which  were  killed.  In  the  one  or  two  instances 
where  a  true  albuminous  exudate  into  the  capsular  space  occurred  a 
coincident  spontaneous  nephritis  was  observed.  This  complicates 
matters  and  renders  generalizations  hazardous.  Leaving  out  these 
cases,  we  are  at  the  most  justified  only  in  saying  that  bacterial  inocula- 
tion produced  a  very  mild  grade  of  intraglomerular  damage,  but  noth- 
ing comparable  to  the  diffuse  extraglomerular  nephritis  seen  in  man,  with 
its  exudate  of  fibrin,  serum,  and  cells  into  the  capsular  space. 

For  bacteriolytic  experiments,  organisms  of  the  typhoid-colon 
group  are,  as  is  well  known,  much  better  suited  than  streptococci, 
and  it  was  for  this  reason  that  the  experiments  of  Series  D  with 
Bacillus  coli  communior,  which  is  highly  virulent  for  rabbits,  were 
carried  out.  In  at  least  three,  and  probably  all,  of  the  animals  of 
this  series,  a  high  degree  of  immunity,  measured  in  terms  of  agglu- 
tinins was  induced  (Table  II).  After  immunization  it  was  possible 
to  inject  such  massive  doses  of  bacteria  as  in  untreated  animals 
would  cause  sudden  death.  It  was  assumed  on  the  basis  of  the 
modern  belief  in  the  unity  of  the  so  called  sensitizer  antibodies 
(Zinsser)  and  our  agglutination  tests  that  the  animals  had  acquired 
greatly  heightened  powers  of  bacteriolysis  and,  hence,  that  the 
massive  inoculations  employed  were  followed  by  an  inundation  of 
the  body  with  split  bacterial  protein.  Indeed,  marked  prostration  fol- 
lowed the  injections  and  was  taken  as  direct  evidence  of  proteotoxic 
action.     The  glomerular  changes  in  this  series  were  perhaps  slightly 
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STUDIES  IN  GLOMERULONEPHRITIS,      m 


more  marked  than  in  the  series  in  which  streptococci  and  staphylo- 
cocci were  used,  but  again  they  failed  to  correspond  in  intensity 
with  the  number  or  the  amounts  of  the  injections.  Thus,  Rabbit 
37,  which  received  six  large  injections,  suffered  but  a  small  amount 
of  glomerular  injury.  On  the  whole,  it  is  difficult  in  our  experiments 
to  find  support  for  the  bacteriolytic  theory  of  glomerulonephritis. 

The  fate  of  bacteria  in  the  kidney  is  a  matter  of  some  interest,  but 
could  not  be  fully  investigated  in  the  present  work.  However,  a  few 
obser\^ations  bearing  on  this  point  were  made  in  connection  with  experi- 
ments, previously  reported,  when  successive  injections  of  diphtheria 
toxin  and  Bacillus  coli  communior  were  given.  Large  amounts  of 
bacteria  injected  intravenously  led  to  rapid  death  of  the  animal.  The 
bacilli  were  found  in  dense  clumps  (Fig.  1),  mostly  in  the  glomeruli  and 


TABLE    II. 


Agglutination  Tested  for  Rabbits  35,  36,  and  37  on  the  17th  Day  after  the  First 

Injection. 


Rabbit 

Dilution. 

1:25 

1:50 

1:100 

1:250 

1:500 

1:1,000 

1:2,500 

1:5,000 

1:10,000 

1:25,000 

1:50,000 

35 
36 
37 

+ 
+ 

+ 
+ 
+ 

+ 

+  +  + 

-1- 

+  + 
+  + 
+  + 

+  +  + 

+  +  -[- 

+  + 

+  +  + 
+  +  + 

+  + 
+ 

+ 
+  + 
+  + 

+ 

+ 

+  + 
+  + 

0 

+  +  -[- 
+ 

occasionally  in  the  intertubular  capillaries  of  the  cortex  and  medulla. 
In  these  animals  few  leukocytes  and  httle  evidence  of  inflammatory 
reaction  were  found  in  the  tufts.  In  animals  dying  12  to  48  hours 
after  inoculation  the  bacteria  had  usually  disappeared  and  leukocytes, 
generally  in  large  numbers,  were  found  in  the  loops.  In  most  of  these 
animals  there  was  a  rather  marked  inflammatory  reaction  in  the  glo- 
meruli. It  was  at  first  thought  that  a  local  bacteriolysis,  by  leukocytes, 
with  the  formation  locally  of  poisonous  bacterial  disintegration  products 
might  be  the  cause  of  the  inflammatory  reaction,  but  against  this  was 
the  fact  that  even  with  enormous  doses  (sediment  of  30  cc.  of  broth 
culture)  only  a  few  glomeruli  contained  demonstrable  organisms,  whereas 
the  inflammatory  reaction  involved  a  majority  of  the  tufts.  It  was 
therefore  assumed  that  the  toxic  substances  with  their  difi'use  action, 
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were  circulating  in  the  blood.  It  does,  however,  seem  fairly  probable 
that  the  bacteria  were  occluded  and  removed  by  leukocytes,  and  in  one 
instance  this  was  directly  observed  (Fig.  2). 

The  theories  which  we  are  examining  are  closely  dependent  upon  an 
assumed  bacteriolysis  of  streptococci  and  it  is  necessary  to  examine 
closely  the  question  whether  lysis  of  the  streptococcus  can  experimen- 
tally be  shown  to  occur.  To  such  physical  and  chemical  procedures  as 
freezing  and  thawing,  and  extraction  with  distilled  water  and  weak 
alkali  the  streptococcus  has,  in.  my  hands,  proved  to  be  extraordi- 
narily resistant  and  experiments  to  be  described  below  indicate  that  it  is 
correspondingly  resistant  also  to  lysis  by  the  Pfeiffer  procedure,  and 
by  immune  serum  and  complement.  The  contrast  in  these  respects 
with  the  typhoid-colon  group  is,  in  fact,  so  great  as  to  suggest  a  division 
of  bacteria  into  what  rtiight  be  called  lysostable  and  lysolabile  groups. 

In  a  previous  paper  (Faber)  on  experimental  arthritis  in  rabbits 
it  may  be  recalled  that  injection  of  streptococci  into  the  knee-joints  of 
rabbits  was  followed  by  a  condition  designated  as  sensitization,  which 
was  revealed  by  the  occurrence  of  a  local  reaction  when  homologous 
organisms  were  later  injected  intravenously.  The  term  sensitization 
was  purposely  chosen  to  indicate  altered  properties  of  the  cells  of  the 
capsular  synovium,  without  offering  a  more  explicit  interpretation  of  the 
exact  process,  whether  it  was  bacteriolysis  with  the  local  formation 
of  toxic  bacterial  disruption  products,  or  an  increase  in  the  normal 
defensive  leukocyte-attracting  properties  of  the  cells,  or  a  process  re- 
lated in  some  way  to  a  disturbed  cellular  ferment  balance  consequent 
to  local  specific  antibody-antigen  combinations.  In  point  of  fact, 
certain  unpublished  experiments  were  carried  out  at  that  time  in  an 
attempt  to  elucidate  the  problem  in  one  of  these  directions,  and  may  be 
cited  here. 

Pfeifer^s  Phenomenon  for  Joints. 

Rabbit  40. — Left  knee  injected  with  mixture  of  0.1  cc.  of  immune  serum  -j- 
1  loop  of  Streptococcus  viridans  -{-  0.9  cc.  of  0.85  per  cent  salt  solution. 

Right  knee  injected  with  mixture  of  1  cc.  of  sterile  bouillon  +  1  loop  of  Strepto- 
coccus viridans. 

Both  knees  aspirated  after  1  hour.  Cultures:  left  knee,  heaxy  growth  of 
streptococcus;  right  knee,  no  growth. 
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♦ 

Rabbit  41. — Left  knee  injected  with  mixture  of  0.1  cc.  of  normal  rabbit  serum  + 
0.9  cc.  of  salt  solution  +  1  loop  of  Streptococcus  viridans. 

Right  knee  injected  with  mixture  of  1  cc.  of  bouillon  +  1  loop  of  Streptococcus 
viridans. 

Both  knees  aspirated  after  1  hour.     Both  cultures  sterile. 

The  immune  serum  was  obtained  from  a  rabbit  which  had  received 
two  injections  of  living  streptococcus.  Complement  fixation  was 
positive  in  the  scrum.  This  rabbit  developed  an  acute  arthritis  im- 
mediately after  receiving  a  third  injection  (shortly  after  the  time  that 
blood  for  the  above  serum  was  drawn). 

In  connection  with  the  above  experiments,  the  following  cultural 
tests  were  made. 

(a)  1  loop  of  Streptococcus  viridans  +  1  cc.  of  immune  serum.  Incubated  1 
hour  and  plated.     Result  scanty  growth. 

(/))  1  loop  of  Streptococcus  viridans  +  1  cc.  of  normal  serum.  Incubated  1 
hour  and  plated.     Result  heavy  growth. 

(c)  1  loop  of  Streptococcus  viridans  plated.     Result  heavy  growth. 

These  experiments,  though  too  few  to  be  decisive,  suggest  the  fol- 
lowing conclusions.  (1)  Immune  streptococcus  serum  not  only  fails 
to  evoke  the  Pfeiffer  phenomenon,  but  may  even  favor  the  bacteria  at 
the  expense  of  the  tissues.  (2)  The  normal  synovial  membrane  has 
considerable  power  to  combat  infection.  (3)  Immune  serum  apparently 
has  the  power  of  partially  inhibiting  growth  in  vitro. 

The  third  points  might  be  used  as  an  indication  of  bacteriolysis  and 
was  therefore  tested  more  completely  in  another  series  of  experiments 
which  are  given  in  Table  III. 

The  following  points  may  be  emphasized.  (1)  The  lowest  counts 
were  obtained  in  those  plates  in  which  the  dilution  of  the  serum  had 
been  respectively  1 :  30  and  1 :  50.  The  maximum  agglutination  was 
obtained  with  a  dilution  of  1 :  40.  (2)  The  lowering  of  the  bacterial 
count  was  independent  of  the  amount  of  complement  added.  (3) 
Lowering  of  the  bacterial  count  was  obtained  without  complement  and 
in  two  instances  was  greater  than  in  any  of  the  tubes  to  which  comple- 
ment had  been  added'. 

These  experiments  strongly  suggest  that  we  are  dealing  not  with 
bacteriolysis  proper  but  with  an  agglutination  phenomenon.     It  is 
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obvious  that  an  agglutinated  clump  of  bacteria  will  give  but  a  single 
colony  and  that  agglutination  in  this  way  will  cause  an  apparent  re- 
duction of  the  bacterial  count  when  the  pour-plate  method  is  used. 

TABLE     HI. 
Tests  for  Bacteriolysis  -with  Streptococcus  viridans,  Complement,  and  Immune  Serum. 


Row. 

Cc.  c 

f  immune  serum. 

0.1 

0.08 

0.05 

0.03 

0.01 

0.007 

0.00 

Complement. 

Dilution. 

1:15 

1:20 

1:30 

1:50 

1:150 

1:200 

Tube. 

1 

2 

3 

4 

5 

6 

7 

cc. 

0.5 

A 

180 

150 

125 

180 

225 

180 

300 

0.3 

B 

170 

250 

105 

110 

200 

180 

0.1 

C 

160 

160 

75 

40 

140 

160 

0.07 

D 

125 

150 

90 

150 

150 

175 

0.04 

E 

90 

150 

110 

19 

100 

110 

0.00 

F 

160 

375 

The  figures  represent  thousand  colonies  per  plate. 

To  each  tube  was  added  0.5  cc.  of  a  suspension  of  streptococci  containing  750,000 
bacteria  per  cc.  All  the  tubes  before  incubation  were  made  up  to  equal  volume 
with  0.85  per  cent  sodium  chloride  solution. 


DISCUSSION, 

It  may  be  assumed  that  when  bacteria  are  introduced  into  a  tissue 
the  mechanism  of  defense  is  one  of  physical  removal,  depending  on  the 
leukotactic  activity  of  the  tissue  or  bacteria  in  question  (Fig.  2).  It 
may  also  be  assumed  that  this  acti\dty  is  heightened  by  pre\'ious  ex- 
posure of  the  tissue  to  the  infecting  agent  and  that  the  reaction  will 
usually  be  accompanied  by  such  other  reacti\'e  phenomena  as  vaso- 
dilation and  exudation  of  fluid.  Bacteriolysis  of  streptococci  in  situ 
and  the  local  production  of  toxic  disintegration  products  is  at  the  least 
an  improbable  explanation  of  the  phenomenon. 

The  conclusions  to  be  derived  from  the  experiments  on  joints  may 
perhaps  fairly  be  appHed  to  the  kidney,  save  that  in  the  latter  we  have 
obtained  much  less  evidence  of  reactivity.     It  is  evident  that  the 
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arrangement  of  the  glomerular  capillaries  is  such  that  small  bacterial 
emboli  can  be  expeditiously  removed  by  phagocytes  and  that  there  is 
in  the  tuft  no  closed  space  in  which  inlBlammatory  exudate  can  collect. 
It  may,  indeed,  be  doubted  whether  these  emboli  are  permitted  to 
remain  long  enough  in  contact  with  the  glomerular  endothelium  to  set 
up  a  state  of  sensitization.  In  none  of  the  rabbits  examined  were  bac- 
terial emboli  found  more  than  12  hours  after  injection  and  then  in 
only  one  instance  when  the  animal  had  been  profoundly  intoxicated 
with  diphtheria  toxin. 

The  capsular  space,  on  the  other  hand,  does  supply  conditions  of 
relatively  poor  drainage  w^ch  are  increased  when  the  excretion  of 
water  from  the  tuft  is  interfered  with.  Apparently,  it  is  when  the 
lining  epithelium  of  Bowman's  capsule  has  been  damaged  and  permits 
toxic  substances  to  pass  through  that  leukocytes,  fibrin,  and  the  other 
materials  of  inflammatory  exudate  are  attracted  to  the  capsular  space 
and  so  produce  the  picture  of  extraglomerular  nephritis.  This  picture, 
it  will  be  recalled,  was  produced  when  an  injection  of  bacteria  followed 
injury  by  diphtheria  toxin.  The  present  series  of  experiments  with 
their  consistently  negative  results  constitutes  strong  evidence  that 
bacteria  alone  are  unable  to  produce  extraglomerular  nephritis,  even 
by  cumulative  action  or  by  immune  bacteriolysis,  since  on  the  one  hand 
a  bacterial  species  known  to  be  subject  to  immune  bacteriolysis  failed 
to  produce  the  lesions  under  favorable  conditions,  and  since  on  the 
other  hand  the  organism  commonly  found  in  this  disease  has  been  shown 
to  be  extraordinarily  resistant  to  bacteriolysis. 

The  evidence  of  the  present  experiments  and  the  arguments  presented 
against  the  bacteriolytic  theory  would  also  appear  to  apply  equally 
well  to  the  assumption  of  a  local  allergic  reaction  in  the  glomerular 
endothelium. 

Embolism,  even  in  an  immune  host  where  agglutination  in  vivo 
may  be  assumed  to  occur,  is  too  sporadic  in  the  kidney  to  explain  lesions 
as  widespread  and  evenly  distributed  as  occur  in  the  human  disease,  and 
it  seems  more  than  ever  necessary  to  assume  the  action  of  a  soluble 
poison  in  the  blood  as  the  immediate  pathogenetic  factor.  For  the 
present  there  is  no  direct  proof  of  the  nature  or  of  the  origin  of  this 
poison. 


HAROLD  KNTEST  FABER  AND  VIRGINIA  MURRAY  719 

The  local  concentration  of  poisons  in  the  tuft,  whatever  may  be 
their  source  or  nature,  may,  however,  still  be  held  to  be  the  immediate 
cause  for  the  occurrence  of  lesions  at  this  point. 

SUMMARY. 

Repeated  injections  into  the  blood  stream  of  streptococci  and  staph- 
ylococci derived  from  cases  of  scarlet  fever,  and  of  Bacillus  coli 
communior  failed  to  produce  typical  glomerulonephritis  even  when 
immune  antibodies  could  be  demonstrated  in  the  serum  in  high  dilu- 
tions. Bacteriolysis  of  streptococci  was  not  found  by  the  usual  tests 
in  vitro  or  by  the  Pfeiffer  procedure.  It  is  therefore  concluded  that 
the  weight  of  evidence  is  against  the  theory  that  glomerulonephritis 
is  due  to  immune  bacteriolysis  of  streptococci.  The  experiments  also 
failed  to  give  any  support  to  the  hypothesis  of  allergy  or  of  sensitization 
as  a  factor  in  the  production  of  the  disease.  E\ddence  is  presented  to 
show  that  bacterial  emboli  are  rapidly  removed  from  the  glomerular 
capillaries  by  leukocytes,  and  that  this  emboKsm,  even  after  injections 
of  enormous  quantities  of  bacteria,  affects  but  a  smaU  proportion  of  the 
glomeruH.  It  is  again  suggested  that  a  circulating  poison  in  the  soluble 
state  is  responsible  directly  for  the  disease  in  question. 
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EXPLANATION  OF  PLATE  54. 

Fig.  1.  Rabbit  38.  Intravenous  injection  of  the  sediment  of  30  cc.  of  a  broth 
culture  of  B.  colt  communior.  Died  1  hour  later.  Large  bacterial  embolus  in 
glomerulus  and  its  afferent  vessel.     Giemsa  stain.     Leitz  obj.  6. 

Fig.  2.  Rabbit  39.  Intravenous  injection  of  one  agar  slant  of  B.  coli  commu- 
nior. DiedJ2  hours  later.  Bacterial  embolus  in  glomerulus.  Adjacent  to  this 
is  a  polymorphonuclear  leukocyte  containing  a  bacillus.  Giemsa  stain.  Obj. 
oil  immersion. 
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PLATE  54. 
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Fig.  2. 

(Faber  and  Murray:     Stuilies  in  srlomerulonephritis.     III.) 


THE  INTERRELATION  OF  THE  SURVIVING  HEART  AND 
PANCREAS  OF  THE  DOG  IN  SUGAR  METABOLISM. 

Second  Paper. 
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(Received  for  publication,  June  6,  1917.) 

The  clue  which  led  to  the  present  investigation  was  the  discovery 
that  when  a  Locke's  solution  containing  dextrose  was  perfused  through 
the  pancreas  of  a  dog,  there  was  a  distinct  diminution  in  the  optical 
rotation  of  the  perfusate  but  no  change  in  its  reducing  properties. 
This  result,  which  I  had  not  anticipated,  seemed  of  interest,  for  it 
would  indicate  that  the  perfused  pancreas  exerts  an  independent 
effect  on  dextrose,  a  fact  which  had  not  been  evident  from  the  reduc- 
ing properties  alone.  The  following  experiments  were  carried  out 
in  an  attempt  to  analyze  the  nature  of  this  effect  and  to  study  further 
the  general  problem  of  the  interrelation  between  the  heart  and  pan- 
creas in  sugar  metabolism  with  especial  relation  to  their  specific  action, 
separately  and  combined,  on  dextrose  and  levulose.  The  results 
have  been  definite  and  have  led  to  a  tentative  hypothesis  which  at 
present  seems  best  suited  to  explain  the  facts  that  have  been  obtained. 

In  the  previous  investigation  (1)  it  was  found  when  a  pancreas  was  perfused 
aseptically  with  Locke's  solutions  containing  physiological  concentrations  of 
dextrose  that,  while  there  was  no  change  in  the  reducing  properties  of  the  per- 
fusate, yet  the  pancreas  supplied  something  to  the  perfusate  which  subsequently 
brought  about  a  utilization  of  sugar  by  the  living  heart  to  an  extent  that  did  not 
occur  with  the  heart  alone.  This  pancreatic  substance,  as  far  as  could  be  de- 
termined, possessed  the  characteristics  of  an  enzyme.  It  was  inactivated  by 
boiling;  it  acted  in  small  amounts;  it  was  unstable,  rapidly  becoming  inactive  on 
standing;  it  caused  a  great  acceleration  in  the  rate  of  a  reaction  which  otherwise 
proceeded  slowly,  and  the  rate  of  reaction  diminished  as  the  reaction  proceeded. 
The  living  heart  in  the  presence  of  this  pancreatic  factor  was  responsible  for  two 
effects :  first,  a  change  of  the  sugar  to  a  non-reducing  form  that  yielded  again 
a  simple  sugar  on  hydrolysis  or  by  simply  standing  with  a  preservative  at  37°C. 
for  24  hours;  second,  a  disappearance  of  sugar  which  was  probably  due  to  its 
destruction  by  hydrolysis  or  oxidation. 
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Methods. 

Briefly  outlined,  the  methods  of  approaching  the  problems  in  the 
present  work  were  by  perfusing  the  living  heart  and  pancreas  with 
oxygenated  Locke's  solutions  containing  dextrose  and  levulose.  With 
these  factors,  the  actual  combinations  which  were  used  are  given  below: 

(a)  Pancreas  +  dextrose.  {d)  Heart  +  dextrose. 

{b)  Pancreas  +  levulose.  (e)  Heart  +  levulose. 

{c)  Pancreas  +  dextrose  +  levulose.        (/)  Heart  +  dextrose  +  levulose.      , 

{g)  Pancreas  +  heart  -\-  dextrose. 

Qi)  Pancreas  +  heart  +  levulose. 

{i)   Pancreas  +  heart  +  dextrose  +  levulose. 

With  these  tissue  and  sugar  combinations,  the  original  Locke's 
solutions  were  compared  with  the  final  perfusates,  both  before  and 
after  hydrolysis,  as  to  their  optical  rotation,  reducing  power,  and,  in 
a  number  of  experiments,  the  melting  points  of  the  osazones. 

Perfusions. — The  same  method  of  isolated  perfusion  and  Locke's 
solutions  of  the  same  composition  were  used  as  in  the  former  experi- 
ments (1),  and  the  same  aseptic  technique  and  standard  of  asepsis 
were  rigidly  maintained.  No  heart  perfusion  was  considered  in  this 
series  where  the  heart  did  not  continue  to  beat  actively  over  the  period 
of  perfusion.  The  bacterial  counts  given  in  the  tables  show  that 
exclusion  of  bacteria  was  even  more  successful  than  formerly. 

Sugars. — The  sugars  were  dextrose  (Kahlbaum,  pure)  and  levulose 
(Kahlbaum,  pure,  from  inuhn).  In  a  few  of  the  early  experiments, 
Schering's  crystalline  powdered  levulose  was  used,  but  as  it  showed  no 
difference  in  its  action  from  the  Kahlbaum  levulose  which  was  sub- 
sequently obtained,  the  experiments  are  included.  The  sugar  in 
each  experiment  was  dissolved  and  boiled  for  at  least  10  minutes 
before  adding  it  to  the  Locke's  solution,  to  eliminate  any  phenomenon 
of  mutarotation.  With  an  occasional  exception  the  concentrations 
of  sugar  in  the  original  Locke's  solutions  were  from  0.3  to  0.4  per  cent. 

Sugar  Determinations. — The  quantitative  sugar  determinations 
were  made  both  by  the  colorimetric  method  of  Lewis  and  Benedict 
(2)  and  with  the  polariscope.  The  preliminary  procedure  was  as 
follows:  50  cc.  each  of  the  original  Locke's  solutions  and  of  the  per- 
fusates were  measured  in  volumetric  flasks  and  each  portion  was 
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added  to  1  gm.  of  trichloracetic  acid  carefully  weighed  from  the 
same  stock  bottle.  This  amount  of  reagent  gave  a  complete  pre- 
cipitation of  whatever  protein  was  present  in  the  perfusates,  and  on 
filtration  yielded  a  clear  fluid.  To  each  filtrate  sufficient  concen- 
trated hydrochloric  acid  was  added  to  give  the  desired  per  cent  of 
acidity.  As  far  as  could  be  ascertained,  a  hydrolytic  effect  was  ob- 
tained with  dextrose  solutions  when  either  1  per  cent  or  0.5  per  cent 
hydrochloric  acid  was  used,  while  with  levulose  0.5  per  cent  hydro- 
chloric acid  could  not  be  exceeded  without  sugar  destruction.  From 
these  acidified  specimens  samples  were  immediately  taken  for  sugar 
determination.  The  samples  taken  for  the  polariscope  were  returned 
and  the  solutions  placed  in  a  boiling  water  bath  for  an  hour  with 
reflux  condensers.  At  the  end  of  this  time  they  were  cooled  and 
specimens  were  again  removed  for  determinations  of  optical  rotation 
and  reduction.  In  each  experiment  the  amount  of  reducing  sugar 
was  based  on  the  polariscopic  determination  of  the  original  Locke's 
solution.  By  this  procedure  the  reducing  sugar  and  optical  rotation 
were  measured  before  and  after  hydrolysis  in  the  original  Locke's 
solution  and  in  the  perfusates  under  constant  conditions  of  volume 
and  acidity. 

The  possibility  was  suggested  at  first  that  in  precipitating  the  pro- 
tein a  portion  of  the  sugar  might  be  carried  down.  In  control  experi- 
ments, however,  as  shown  in  the  tables,  this  did  not  occur.  In  these 
controls  even  with  the  precipitation  of  a  relatively  large  amount  of 
protein  the  filtrate  did  not  appreciably  vary  from  the  original  Locke's 
solution,  either  in  rotation  or  in  reduction.  The  addition  of  tri- 
chloracetic acid  and  hydrochloric  acid  increased  the  volume  of  fluid 
slightly  and  so  diminished  the  sugar  per  cent.  However,  since  this 
increase  in  volume  is  constant  for  all  samples,  the  significance  of 
comparative  determinations  remained  unchanged. 

The  polariscopic  determinations  were  made  with  a  Schmidt  and 
Haensch  polariscope  which  gives  a  direct  reading  to  the  hundredth 
of  a  degree.-  In  each  experiment  all  readings  were  made  in  a  4  dm. 
tube  under  constant  temperature  conditions,  and  the  final  reading 
was  taken  as  the  average  of  five  successive  determinations  not  vary- 
ing over  0.02°.  This  gave  results  which  could  be  compared  with  a 
fair  degree  of  accuracy  to  the  third  decimal  place.     The  specific 
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rotation  of  dextrose  was  taken  as  +52.5°,  and  of  levulose  as  —91°. 
The  controls  gave  a  final  check  on  the  accuracy  of  the  results. 


TABLE  I. 

Hydrogen  Ion  Concenlraiions  of  Perfusates. 


pH  Locke's 
solution. 

pH  perfusate. 

Experi- 

Tissues perfused. 

Dura- 
tion of 
perfu- 
sion. 

ment 
No. 

Carbon 
dioxide 

Carbon 
dioxide 

Carbon 
dio.xide 

Carbon 
dio.xide 

Sugar  used 

present. 

re- 
moved. 

present. 

re- 
moved. 

hrs. 

1 

Pancreas  +  heart. 

H 

7.8 

8.0 

7.2 

7.9 

Dextrose. 

2 

<<          1       « 

5 

7.9 

8.0 

6.8 

7.6 

i( 

3 

"         +      " 

5 

7.7 

7.9 

6.8 

7.4 

(< 

4 

Heart. 

4 

7.9 

8.0 

6.8 

7.6 

« 

5 

« 

4 

8.0 

8.1 

6.8 

7.5 

<( 

6 

<( 

4 

8.1 

8.2 

6.9 

7.7 

<< 

7 

(< 

4 

8.2 

8.3 

7.4 

7.9 

Levulose. 

8 

u 

4 

8.0 

8.1 

7.4 

7.9 

« 

9 

« 

4 

7.9 

8.0 

7.35 

7.9 

i< 

10 

(( 

4 

8.0 

8.1 

7.4 

7.9 

« 

11 

Pancreas  +  heart. 

5 

7.9 

8.1 

7.5 

7.8 

« 

12 

«        _j_       <( 

5 

8.0 

8.1 

7.45 

8.0 

« 

13 

"        +       " 

5 

7.9 

8.1 

7.3 

7.9 

•  (( 

14 

Heart. 

4 

8.0 

8.1 

7.5 

7.9 

De.xtrose+ 
levulose. 

15 

4 

8.1 

8.2 

7.8 

7.9 

Dextrose + 
levulose. 

16 

(( 

4 

8.1 

8.2 

7.5 

7.8 

Dextrose + 
levulose. 

17 

Pancreas  +  heart. 

5 

8.0 

8.2 

7.5 

7.9 

Dextrose + 
levulose. 

18 

i(       _j_      « 

5 

8.0 

8.15 

7.4 

7,9 

Dextrose  + 
levulose. 

19 

<<        1       « 

5 

8.0 

8.1 

7.7 

8.1 

Dextrose + 
levulose. 

20 

t(        1       << 

5 

8.0 

8.2 

7.55 

7.9 

Dextrose + 
levulose. 

21 

Pancreas  +  non-beating 
heart  (control). 

5 

8.0 

8.1 

7.45 

8.05 

Dextrose  + 
levulose. 

22 

Pancreas. 

u 

8.0 

8.1 

7.8 

8.0 

Dextrose. 

23 

« 

4 

8.1 

8.2 

7.8 

8,0 

Dextrose  + 
levulose. 

24 

u 

5 

8.0 

8.1 

7.9 

8.0 

Dextrose. 
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Controls. — The  following  controls  were  used : 

{a)  In  each  experiment  a  sample  of  the  original  Locke's  solution 
was  subjected  to  the  same  procedure  as  the  perfusate  except  for  the 
actual  circulation  through  the  tissues.     In  this  respect  only  the  sample 

TABLE  II. 

Efect  of  the  Lockers  Solutions  Used  on  the  Optical  Rotation  of  Dextrose  and  Levulose. 


■s 

c 

i 

3 

c 

s 

a 

"o 

-a 
o 

n 
.1 

& 

"o 
a 
o 

3 

Q 

Optical  rotation  with  4  dm.  tube. 

1 

"3 
1 

At  beginning  of 
period. 

At  end  of  period. 

Change  in  rotation. 

hrs. 

per 

cent 

per 
cent 

per  cent 

Dextrose. 

Incubation, 

INIaximum. 

24 

-f 1.105° 

0.526 

-f 1.104° 

0.525 

-f0.014° 

0.0066 

3  experi- 

Minimum. 

4 

-1-0.408° 

0.194 

-f0.406° 

0.193 

-0.001° 

0.0009 

4 

ments. 
Perfusion, 
1  experi- 
ment. 

Average. 

9 

24 

+0.784° 

0.373 

-1-0.786° 

0.374 

+0.007° 

0.0033 

Levulose. 

Incubation, 

Maximum. 

-1.572° 

0.431 

-1.572° 

0.431 

+0.004° 

0.0019 

2  experi- 

Minimum. 

4 

-1.313° 

0.360 

-1.310° 

0.359 

0.000° 

0.0000 

3 

ments. 
Perfusion, 
1  experi- 
ment. 

Average. 

10.6 

-1.411° 

0.387 

-1.412° 

0.387 

+0.001° 

0.0005 

Dextrose + 

Incubation, 

Maximum . 

4 

-0.792° 

-0.792° 

-0.006° 

2 

le\Talose. 

2  experi- 

Minimum. 

2 

-0.726° 

-0.720° 

0.000° 

ments. 

Average. 

3 

-0.759° 

-0.756° 

-0.003° 

Average  change  in  rotation  in  nine  experiments  in  average  of  7.5  hours  =  +  0.0016° 

of  Locke's  solution  differed  from  the  perfusate.     This  gave  a  fair 
basis  for  comparing  the  Locke's  solutions  and  the  perfusates. 

(6)  In  a  number  of  those  experiments  in  which  the  pancreas  was 
perfused  alone,  the  unperfused  splenic  portion  was  macerated  and 
ground  aseptically  with  sand  and  about  the  same  relative  amount  of 
Locke's  solution  as  was  perfused  through  the  main  portion  of  the 
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pancreas.     This  controlled  the  question  whether  an  extract  of  the 
pancreas  is  similar  in  its  effect  to  a  perfusate. 

(c)  As  enzyme  action  in  general  is  sensitive  to  hydrogen  ion  con- 
centration, the  reactions  of  the  Locke's  solutions  and  perfusates  were 
measured,  in  the  majority  of  experiments,  by  the  colorimetric  method 
of  Levy,  Rowntree,  and  Marriott  (3).  In  Table  I  are  given  examples 
of  the  variations  which  occurred.  While  there  was  a  certain  varia- 
tion both  before  and  after  removal  of  carbon  dioxide,  yet  this  varia- 
tion was  practically  within  the  normal  body  limits  and  no  effects 
were  obtained  which  would  indicate  that  a  relation  existed  between 
the  reaction  of  the  perfusate  and  the  experimental  results. 

(d)  In  Table  II  are  given  the  results  of  nine  experiments  which 
show  that  when  specimens  of  Locke's  solution  similar  to  those  used 
in  the  perfusion  experiments  were  incubated  or  perfused  in  the  ap- 
paratus for  varying  periods  of  time,  there  is  no  essential  variation  in 
the  optical  rotation  when  either  dextrose,  levulose,  or  a  mixture  of 
the  two  is  present.  In  the  nine  experiments  with  an  average  duration 
of  7.5  hours  there  was  a  maximum  change  in  the  rotation  of  0.014°  and 
a  minimum  change  of  0.000°.  The  average  change  was  an  increased 
positive  rotation  of  0.0016°.  These  measurements  were  made  in  the 
4  dm.  tube  used  throughout  this  work. 

RESULTS. 

Pancreas  Perfusions. 

Eleven  experiments  were  carried  out  in  which  a  pancreas  was 
perfused  with  an  oxygenated  Locke's  solution  containing  dextrose. 
The  final  perfusates  consistently  showed  a  diminished  optical  rotation 
as  compared  with  the  Locke's  solutions,  but  no  change  in  the  amount 
of  reduction.  The  perfusates  in  four  experiments  were  then  hydro- 
lyzed  with  the  consistent  result,  also,  that  there  was  a  partial  restora- 
tion of  the  rotation  to  the  original  level,  but  no  change  in  the  reducing 
properties.  These  changes  were  considerably  greater  than  any 
possible  error  in  the  polariscopic  or  reducing  methods,  and  were 
controlled  not  only  by  the  samples  of  Locke's  solution  subjected  to 
an  analogous  procedure,  but  also,  in  five  experiments,  by  the  effect 
of  extracts  of  a  portion  of  the  same  pancreas  on  the  same  original 
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Locke's  solution.  The  results  are  summarized  in  Table  III  and 
charted  in  Text-fig.  1.  In  Text-fig.  2  an  experiment  is  given  in  which 
successive  readings  were  made  showing  the  curve  of  diminution  in 
the  optical  rotation  of  a  perfusate  containing  approximately  0.4 
per  cent  of  dextrose. 

The  question  then  arose:  Was  this  phenomenon  dependent  upon 
a  direct  contact  of  the  dextrose  with  the  pancreatic  tissue?  Former 
experiments  had  shown  that  the  rapid  utilization  of  dextrose  by  the 
heart  took  place  if  dextrose  was  merely  added  to  a  pancreatic  per- 
fusate before  being  fed  to  the  heart.  In  the  three  experiments  shown 
in  Table  III  and  Text- fig.  1,  the  pancreas  was  first  perfused  with  a 
Locke's  solution  containing  no  dextrose,  and  then  dextrose  was 
added  to  the  perfusate  and  the  solution  allowed  to  incubate.  As 
illustrated  in  Text-fig.  1,  the  change  in  rotation  per  unit  of  time  was 
almost  identical  with  the  change  which  occurs  when  the  pancreas  is 
directly  perfused  with  dextrose.  This  would  indicate,  therefore,  that 
direct  contact  between  the  dextrose  and  pancreatic  tissue  is  not  neces- 
sary but  that  the  change  can  be  brought  about  by  some  substance 
washed  out  of  the  perfused  gland. 

Is  this  effect  specific  for  dextrose  in  any  way  analogous  to  the  speci- 
ficity of  most  enzyme  actions?  Levulose  was  selected  as  a  sugar  for 
comparison.  In  six  experiments,  as  shown  in  Table  III  and  Text- 
fig.  1,  the  pancreas  was  perfused  for  an  average  period  of  3  hours.  In 
no  jcxperiment  was  there  the  least  detectable  change  in  the  optical 
rotation  or  reducing  properties  of  the  sugar  beyond  the  limits  of 
experimental  error.  Hydrolysis  of  the  final  perfusates  gave  practi- 
cally no  change  in  the  optical  rotation  or  reduction.  In  four  experi- 
ments, also,  a  pancreatic  extract  showed  no  effect.  It  seemed  evident, 
therefore,  that  the  action  of  the  pancreas  is  specific  for  dextrose. 

A  further  method  for  testing  this  specificity  suggested  itself.  If 
a  Locke's  solution  containing  dextrose  and  leMilose  is  used,  there  is 
a  certain  initial  balance  of  rotation  between  the  two  sugars.  If  the 
effect  of  the  pancreas  is  specific  in  diminishing  the  positive  rotation 
of  a  dextrose  solution,  then,  by  selecting  the  dextrose  from  a  mixture 
of  the  two  sugars,  there  should  be  a  shifting  of  the  balance  toward 
the  negative  side.  This  is  what  occurred  in  six  experiments  which 
were  successfully  carried  out.     The  negative  rotation  was  always 
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Text-Fig.  1.  Chart  of  Table  in  representing  forty-one  experiments.  The 
chart  shows  that  when  the  pancreas  was  perfused  with  a  Locke's  solution  con- 
taining dextrose  there  was  no  change  in  the  reducing  properties  of  the  perfusate 
but  a  distinct  diminution  in  the  optical  rotation.  This  also  occurred  if  dextrose 
was  added  to  a  sugarless  perfusate  after  removal  of  the  pancreas  from  the  appa- 
ratus. A  mixture  of  dextrose  and  levulose  perfused  through  the  pancreas  gave  an 
increased  negative  rotation  indicating  a  diminution  of  the  dextrose  effect.  On 
hydrolysis  of  these  perfusates  there  was  a  partial  restoration  of  the  optical  rotation. 
These  changes  did  not  occur  if  the  pancreas  was  perfused  with  levulose  nor  did 
a  fresh  pancreatic  extract  have  a  similar  effect  on  either  sugar. 
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increased  as  shown  in  Table  III  and  Text-fig.  1.  The  change  in 
rotation  estimated  as  dextrose  per  unit  of  time  was  only  slightly 
less  than  if  dextrose  alone  had  been  used.  Hydrolysis  gave  a  dis- 
tinct restoration  of  the  original  balance.  In  no  instance  was  there 
any  variation  in  the  reducing  properties  of  the  perfusates  or  Locke's 
solutions  beyond  the  Umits  of  experimental  error. 


0/ 

D 
3. 

3 

s 

,40,^ 

5' 
O 

o' 

400 

^ 

r* 

1     o 

,-^% 

3 
-a 

\\ 

en 

rifff) 

\ 

^ 

2s 

^H,^ 

^^ 

Ti  me 

Tirst   Hour 

Second  Hour 

Third   Hour 

Tourth  Hour 

Text-Fig.  2.  Experiment  25.  Curve  showing  the  rate  of  diminution  in  optical 
rotation  of  a  Locke's  solution  containing  approximately  0.4  per  cent  of  dextrose 
when  perfused  4  hours  through  a  pancreas.  The  reducing  sugar  remained  un- 
changed. 

These  experiments  were  controlled  by  the  action  of  pancreas  ex- 
tracts and  by  four  experiments  in  which  the  spleen  was  perfused  with 
a  Locke's  solution  containing  dextrose  and  levulose.  In  neither 
case  was  there  any  change,  either  in  the  optical  rotation  or  in  the 
reducing  properties.  With  mixtures  of  dextrose  and  levulose,  the 
conclusion  would  seem  to  be  that  the  pancreas  has  a  specific  action 
on  dextrose,  an  action  which  is  not  given  by  the  perfused  spleen,  or 
by  a  pancreatic  extract. 
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Heart-Pancreas  Perfusions. 

It  was  obvious  from  previous  experiments  with  dextrose  that  a 
characteristic  difference  exists  between  a  heart  perfusate  and  one 
which  has  passed  through  both  the  heart  and  pancreas.  Hydrolysis 
of  a  heart-pancreas  perfusate  gives  an  increase  in  reducing  sugar, 
while  a  heart  perfusate  gives  no  such  increase.  The  hypothesis 
suggested  to  explain  this  fact  was  that  the  heart  and  pancreas  to- 
gether brought  about  a  condensation  of  the  dextrose  to  some  non- 
reducing  form  of  polysaccharide. 


TABLE  IV. 

Experiments  on  the  Interrelation  and  Specificity  of  the  Heart  and  Pancreas  in 
Their  Action  an  Dextrose  and  Levulose. 


2 
S 

M 

Sugar  used. 

Tissues 
perfused. 

Final  perfusate. 
Optical  rotation  with  4  dm.  tube. 

II 

Change 
due  to 

Before  hydrolysis. 

After  hydrolysis. 

pancreas 
and  heart, 
corrected.' 

1l.ll 

per 
cent 

per 
cent 

per  cenl 

per  cent 

3 

Dextrose. 

Heart. 

Maximum. 

+0.648° 

0.308 

+  0.650° 

0.309 

Minimum. 

+  0.532° 

0.253 

+0.534° 

0.254 

Average. 

+  0.591° 

0.281 

+  0.592° 

0.282 

-0.0030 

3 

Levulose. 

Heart. 

Maximum. 

-1.304° 

0,358 

-1.306° 

0.359 

Minimum. 

-1.100° 

0.302 

-1.100° 

0.302 

Average. 

-1.169° 

0.321 

-1.169° 

0.321 

0.0000 

3 

Dextrose. 

Pancreas 

Maximum. 

+  0.654° 

0.311 

+  0.730° 

0.347 

-h  heart. 

Minimum. 

+  0.486° 

0.231 

+  0.544° 

0.259 

Average. 

+  0.576° 

0.274 

+  0.641° 

0.305 

+  0.0250 

+  0.0260 

3 

Levulose. 

Pancreas 

Maximum. 

-1.194° 

0.328 

-1.188° 

0.326 

+  heart. 

Minimum. 

-0.966° 

0.263 

-0.964° 

0.262 

1 

Average. 

-1.116° 

0.306 

-1.113° 

0.305 

-0.0004 

-0.0020 

The  average  amount  of  perfusate  in  each  experiment  was  252  cc;  the  dura- 
tion of  each  experiment,  4  hours.  Bacteria  per  cc.  in  final  perfusates:  maximum, 
640;  minimum,  5;  average,  122. 

*  Corrected  for  the  preliminary  change  in  optical  rotation  due  to  the  pancreas 
alone. 
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Text-Fig.  3.  Chart  of  Table  IV.  The  final  perfusates  from  twelve  experi- 
ments of  different  types  were  hydrolyzed  and  the  reducing  properties  and  optical 
rotations  of  the  perfusates  determined  before  and  after  hydrolysis.  The  percent- 
age increase  or  decrease  in  sugar  by  these  two  independent  methods  is  represented 
in  this  chart.  The  tissue  and  sugar  combinations  are  indicated  to  the  right. 
Correction  is  made  for  the  previous  independent  effect  of  the  pancreas  on  dextrose. 

The  experiments  show  the  specificity  of  the  heart-pancreas  combination  in 
condensing  dextrose  to  a  non-reducing  substance  with  an  optical  rotation  less 
than  that  of  dextrose.  This  does  not  occur  with  the  heart  alone  when  perfused 
with  dextrose  or  with  any  combination  of  the  heart  and  pancreas  with  levulose. 
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The  results  of  the  twelve  perfusions  which  were  carried  out  are 
summarized  in  Table  IV  and  shown  graphically  in  Text-fig.  3.  In 
these  experiments  the  reducing  properties  and  optical  rotations  of  the 
final  perfusates  were  determined  before  and  after  hydrolysis.  If  the 
optical  rotation  of  a  perfusate  were  altered  by  hydrolysis  it  would 
indicate  that  some  new  substance  had  been  formed  and  whether  the 
optical  rotation  of  this  substance  were  greater  or  less  than  the  original 
sugar.  A  change  in  the  optical  rotation  and  an  increase  in  the  amoimt 
of  reduction  on  hydrolysis  would  show  that  this  substance  had  prob- 
ably undergone  a  dissociative  change. 

The  experiments  clearly  indicate  that  it  is  only  with  the  heart- 
pancreas  combinations  that  dextrose  is  transformed  to  a  non-reducing 
substance  which  has  an  optical  rotation  less  th'an  that  of  dextrose. 
This  transformation  did  not  occur  when  the  heart  was  perfused 
alone  with  dextrose  nor  did  it  occur  with  any  combination  of  the 
heart  and  pancreas  with  levulose. 

A  clear  demonstration  of  this  specific  action  of  the  pancreas  and 
heart  on  dextrose  was  shown  in  the  twelve  experiments  given  in 
Table  V  and  Text-fig.  4.  In  these  experiments  the  pancreas,  the 
spleen,  or  the  kidneys  were  first  perfused,  and  their  perfusates  com- 
pared in  their  abihty  to  enable  the  heart  to  select  dextrose  from  a 
mixture  of  dextrose  and  levulose.  A  displacement  of  the  balance  in 
optical  rotation  of  a  perfusate  containing  approximately  equal  parts 
of  these  sugars  would  demonstrate  which  sugar  had  been  changed  or 
used  most  rapidly.  Hydrolysis  of  the  final  perfusates  would,  further, 
indicate,  by  the  extent  to  which  the  optical  rotation  was  restored, 
the  amount  of  change  which  had  taken  place. 

The  results  of  these  experiments  were  definite.  When  the  heart 
was  perfused  alone  with  a  Locke's  solution  containing  dextrose  and 
levulose,  there  was  a  distinct  utilization  of  the  sugars  as  shown  by 
the  change  in  reduction.  The  optical  rotations  of  the  final  perfusates, 
however,  either  were  unchanged  or  were  slightly  increased  on  the 
negative  side.  This  gave  definite  proof  that  both  sugars  had  been 
used  cither  in  approximately  equal  amounts  or  that  there  had  been  a 
slightly  greater  utilization  of  dextrose  over  levulose.  If  the  spleen 
was  first  perfused  and  the  perfusate  subsequently  passed  through  the 
heart,  the  selective  action  of  the  heart  for  dextrose  was  practically 
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the  same  as  with  the  heart  alone.  Finally,  the  kidneys  were  per- 
fused and  gave  a  certain  removal  of  levulose  but  subsequent  perfusion 
of  the  fluid  through  the  heart  gave  a  shift  in  the  optical  rotation 
which,  once  more,  was  only  slightly  greater  than  with  the  heart 
alone. 


Experiments  on 

TABLE  V. 

the  Specificity  of  the  Pancreas  in  Enabling  the  Heart  to  Select 
Dextrose  from  a  Mixture  of  Dextrose  and  Levulose. 

i 

1 
.2 

• 

Optical  rotation  with  4  dm.  tube. 

C 

Locke's  solution. 

Final  perfusate. 

B 

H 

0 

•a 

j= 

"«3  « 

n 

■g 

T3 
>. 

.a 

^    (A 

< 

a.i. 

ta  t)  u. 

c 

>> 
£ 

< 

Change  in  rota- 
tion after  hy- 
drolysis, cor- 
rected.* 

4 

Heart. 

Maximum. 
Minimum. 
Average. 

-0.308° 
-0.280° 
-0.295° 

-0.306° 
-0.264° 
-0.285° 

-0.350° 
-0.286° 
-0.323° 

-0.326° 

Increased 
negative 
0  013° 

4 

Pancreas  -f 
heart. 

Maximum. 
Minimimi. 
Average. 

-0.292° 
-0.280° 
-0.286° 

-0.286° 
-0.274° 
-0.280° 

-0.520° 
-0.428° 
-0.460° 

0.162° 

-0  415° 

Diminished 
negative 
0  027° 

2 

Kidneys  + 
heart. 

Maximum. 
Minimum. 
Average. 

-0.250° 
-0.119° 
-0.184° 

-0.242° 
-0.121° 
-0.181° 

-0.300° 
-0.190° 
-0.245° 

0.056° 

-0.250° 

Increased 
negative 
0.003° 

2 

Spleen  + 
heart. 

Maximum. 
Minimum. 
Average. 

-0.314° 
-0.292° 
-0.303' 

-0.300° 
-0.290° 
-0.295' 

-0.368° 
-0.328° 
-0.348» 

0.045° 

-0.344° 

Increased 
negative 
0.004° 

The  average  amount  of  perfusate  in  each  experiment  was  250  cc. ;  the  dura- 
tion of  each  experiment,  4  hours.  Bacteria  per  cc.  in  final  perfusates:  maximvun, 
880;  minimum,  0;  average,  183. 

*  Corrected  for  rotation  due  to  pancreas,  kidneys,  or  spleen  alone. 

In  contrast  to  these  experiments  were  those  in  which  the  pancreas 
was  first  perfused  and  the  perfusate  subsequently  circulated  through 
the  heart.  Instead  of  an  optical  rotation  which  varied  either  not 
at  all  or  only  moderately  from  an  equilibrium  between  the  two 
sugars,  there  was  a  striking  shift  to  the  left  even  after  correcting  for 
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the  preliminary  effect  of  the  pancreas.     Hydrolysis  of  the  final  per- 
fusate, also,  diminished  the  negative  rotation  to  some  extent,  while 


Text-Fig.  4.  Chart  of  Table  V.  Twelve  experiments  in  which  the  spleen, 
kidneys,  and  pancreas  were  first  perfused  and  their  perfusates  compared  in  their 
ability  to  enable  the  heart  to  select  dextrose  from  a  mixture  of  dextrose  and 
levulose.  Displacement  of  the  balance  in  optical  rotation  of  a  perfusate  contain- 
ing equal  parts  of  these  sugars  would  indicate  which  sugar  had  been  changed  or 
used  most  rapidly,  while  hydrolysis  of  the  final  perfusates  would  indicate,  by  the 
extent  to  which  the  optical  rotation  was  restored,  the  amount  of  condensation 
and  of  utilization.  Correction  was  made  in  each  experiment  for  any  preliminary 
effect  of  the  spleen,  kidneys,  or  pancreas. 

The  experiments  indicate  that  the  heart,  or  the  heart  plus  spleen  or  plus  kid- 
neys over  a  4  hour  period  of  perfusion,  uses  relatively  a  little  more  dextrose  than 
levTilose.  When,  however,  the  heart  and  pancreas  are  combined  the  relative 
utilization  of  dextrose  by  the  heart  is  greatly  increased  and  subsequent  hydrolysis 
of  the  perfusates  restores  the  optical  rotation  to  some  extent,  which  does  not  occur 
when  the  spleen  or  kidneys  are  combined  with  the  heart. 


in  the  previous  experiments  where  the  heart  had  been  perfused  alone 
or  with  the  kidneys  or  spleen,  hydrolysis  of  the  final  perfusates  had 
slightly  increased  the  negative  rotation. 
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Osazones. 

A  further  possible  method  of  demonstrating  the  above  changes 
was  available  in  the  melting  points  of  the  osazones  which  could  be 
obtained  at  different  stages  in  various  t>pes  of  experiments  when 
dextrose  was  used.  The  following  technique  was  observed:  10.  cc. 
specimens  were  taken,  both  of  the  original  Locke's  solution  and  of  the 
protein-free  perfusate.  They  contained  the  same  reagents  and 
differed  in  their  previous  and  subsequent  treatment  only  in  the  actual 
perfusion.  These  samples  were  carefully  neutralized  with  sodium 
carbonate,  then  made  equally  acid  with  acetic  acid.  To  each  speci- 
men were  added  1.5  gm.  portions  of  a  pulverized  mixture  of  two 


TABLE  VI. 
Melting  Point  oj  Osazones,  Corrected. 


Experiment 

Locke's 

solution. 

Pancreas 

perfusate. 

Final  heart  perfusate. 

No. 

•  Before 
hydrolysis. 

After 
hydrolysis. 

Before 
hydrolysis. 

After 
hydrolysis. 

Before 
hydrolysis. 

After 
hydrolysis. 

°c. 

"C. 

°C. 

"C. 

°c. 

"C. 

16  (heart 
alone.) 
17 

204.4 
205.59 

204.09 

201.58 

204.09 

204.9 
200.57 

205.4 

203.58 

18 

204.05 

205.02 

203.55 

206.52 

202.62 

206.02 

19 

205.02 

201.51 

205.52 

200.50 

205.52 

parts  of  sodium  acetate  and  one  part  of  phenylhydrazine  hydrochloride. 
As  soon  as  these  reagents  were  dissolved  the  specimens  were  filtered 
into  test-tubes  and  placed  in  a  boiling  water  bath  for  an  hour.  After 
cooling,  the  osazones  were  filtered  off,  washed  with  distilled  water, 
and  recrystallized  from  alcohol.  The  melting  points  were  determined 
in  capillary  glass  tubes  by  the  usual  method.  Not  the  point  at  which 
the  osazones  sintered  but  the  actual  melting  points  were  taken  and 
the  proper  thermometer  correction  was  made. 

Table  VI  gives  the  results  of  twenty  such  determinations.  The 
results  show  no  essential  diminution  or  increase  in  the  melting  points 
of  the  osazones  yielded  by  the  samples  of  original  Locke's  solution 
either  before  or  after  hydrolysis.     Perfusion  of  a  heart  alone  did  not 
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materially  lower  the  melting  points  of  the  osazones  obtained.  On 
the  other  hand,  the  osazones  from  the  pancreatic  and  the  heart- 
pancreas  perfusates  gave  a  distinct  lowering  of  the  melting  points, 
while  the  same  perfusates  hydrolyzed  gave  osazones  with  melting 
points  again  approximately  similar  to  those  obtained  from  the 
Locke's  solutions.  Thus  this  osazone  eflfect  occurred  only  under 
those  conditions  in  which  the  evidence  from  the  optical  rotation 
indicated  a  condensation  of  dextrose. 

It  is  obvious  that  the  osazones  obtained  in  this  way  would  consist 
of  a  mixture  of  glucosazone  and  the  new  osazones  formed,  and  that 
the  lowered  melting  points  of  the  mixtures  would  be  dependent  upon 
the  fact  that  the  new  osazones  had  a  lowered  melting  point.  The 
amounts  of  osazones  available  were  so  small  relatively  that  no  effort 
was  made  to  isolate  them  in  order  to  determine  their  independent 
melting  points. 

The  only  evidence  from  the  osazones  as  to  any  qualitative  or  quan- 
titative difference  between  the  polymerization  taking  place  in  the 
pancreatic  and  heart-pancreas  perfusions  was  in  the  sHghtly  lower 
melting  points  of  the  latter.  The  general  conclusion  would  seem  to 
be  that  both  the  pancreas  and  the  pancreas  and  heart  bring  about  the 
formation  of  a  substance  or  substances  which  yield,  osazones  with 
lower  melting  points  than  glucosazone. 

Bromine  Analyses. 

A  possible  method  for  studying  the  specificity  of  the  heart  and 
pancreas  in  their  selection  of  dextrose  was  available  in  the  property 
which  bromine  possesses  of  destroying  dextrose  but  causing  little 
if  any  change  in  levulose.  Dextrose  could  thus  be  eliminated  from 
a  mixture  with  levulose  and  the  amount  of  remaining  levulose  de- 
termined with  the  polariscope.  The  technique  consisted  simply 
in  adding  an  excess  of  bromine  to  the  acidified,  hydrolyzed,  protein- 
free  specimens  of  fluid  in  glass-stoppered  bottles,  and,  after  thorough 
shaking,  allowing  them  to  stand  for  7  days  at  37°C.  By  using  the 
hydrolyzed  specimens  the  factor  of  any  preliminary  condensation 
was  ehminated.  All  experiments  were  controlled  by  dupUcate  samples 
of  the  original  Locke's  solutions  which  had  passed  through  an  analo- 
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gous  procedure.  The  bromine  was  removed  by  bubbling  air  through 
the  fluids.  Polariscopic  readings  then  showed  approximately  the 
amounts  of  levulose  which  had  been  present  in  the  original  mixtures. 
The  results  of  eleven  experiments  are  collected  in  Table  VII  and  the 
significant  findings  illustrated  in  Text-fig.  5.  The  first  six  experi- 
ments show  that,  by  the  method  used,  with  dextrose  alone  there 
was  always  a  small  residue  of  positive  rotation.  In  two  experi- 
ments when  a  mixture  of  dextrose  and  levulose  of  approximately 

TABLE  VII. 

Experiments  Showing  the  Results  of  Bromine  Treatment  of  the  Final  Perfusates. 


Tissues  perfused. 

Sugar  used. 

After  bromine  treatment. 

o 

Locke's  solution. 

Perfusate. 

p. 

Optical 

rotation 

with  4  dm. 

tube. 

Sugar. 

Optical 

rotation 

with  4  dm. 

tube. 

Sugar. 

per  cent 

per  cent 

26 

Heart. 

Dextrose. 

+0.10° 

0.047 

+0.10° 

0.047 

27 

<( 

+0.04° 

0.018 

+0.09° 

0.042 

28 

li 

+0.10° 

0.047 

+0.09° 

0.042 

29 

Pancreas. 

+0.05° 

0.023 

+0.10° 

0.047 

30 

" 

+0.08° 

0.038 

+0.12° 

0.057 

3 

<( 

+0.03° 

0.014 

+0.05° 

0.023 

16 

Heart. 

"        +  levulose. 

-0.508° 

0.139 

-0.214° 

0.059 

31 

" 

u             ^ 

-0.578° 

0.159 

-0.454° 

0.124 

17 

Pancreas  +  heart. 

u             + 

-0.550° 

0.151 

-0.526° 

0.144 

18 

+      " 

u             ^ 

-0.602° 

0.165 

-0.524° 

0.143 

19 

+      " 

"     + 

-0.488° 

0.134 

-0.502° 

0.137 

constant  composition  was  perfused  through  the  heart,  the  amount  of 
levulose,  after  bromine  treatment,  was  considerably  diminished  in 
comparison  with  the  original  Locke's  solution,  similarly  treated. 
This  meant,  in  the  two  experiments  conducted,  that  a  certain  pro- 
portion of  levulose  had  been  used  by  the  heart.  When,  however,  a 
pancreas  perfusate  with  the  same  composition  was  fed  to  a  heart, 
the  amount  of  levulose  was  essentially  undiminished,  though  the 
utilization  of  sugar  had  occurred  to  the  usual  extent.  The  utiliza- 
tion of  sugar,  therefore,  when  the  heart  and  pancreas  were  combined, 
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must  have  been  from  the  dextrose  portion  of  the  mixture.  These 
results  agree  with  the  previous  findings  that  the  heart  and  pancreas 
have  a  specific  action  on  dextrose. 


Text-Fig.  5.  The  results  in  five  experiments  of  treating  the  final  perfusates 
with  bromine  for  7  days.  A  solution  containing  dextrose  alone  loses  practically 
all  of  its  sugar  under  this  bromine  treatment,  while  levulose  is  practically  un- 
altered. When  a  heart  is  perfused  with  a  solution  containing  practically  equal 
parts  of  dextrose  and  levulose  there  is  a  considerable  disappearance  of  levulose 
from  the  final  perfusate  as  compared  with  the  original  Locke's  solution.  When 
the  heart  and  pancreas,  however,  are  combined  in  their  effect,  in  spite  of  the 
increased  sugar  consumption  there  is  practically  no  utilization  of  levulose. 


DISCUSSION. 

The  following  explanation  seems  to  be  most  consistent  with  these 
facts  and  with  those  brought  out  in  my  previous  work.  The  pan- 
creas supphes  to  a  perfusate  some  enzyme  or  enzymes  which  have  a 
specific  action  on  dextrose  as  compared  with  levulose,  changing  a 
certain  portion  of  the  dextrose  to  a  simple  form  of  polysaccharide. 
This  polysaccharide  has  both  a  lower  optical  rotation  and  a  lower 
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melting  point  of  its  osazone  than  dextrose.  I  should  regard  this 
sugar  complex  as  either  relatively  unstable,  being  hydrolyzed  during 
the  reduction  determination,  or  as  having  the  same  reducing  prop- 
erties as  dextrose.  When,  however,  the  pancreatic  perfusate  is 
circulated  through  a  living  heart  the  optical  rotation  not  only  con- 
tinues to  diminish  but  a  new  change  occurs.  The  reducing  prop- 
erties of  the  perfusate  are  now  altered.  Thus  the  effect  of  the  heart 
seems  to  be  the  production  of  a  change  additional  to  that  caused  by 
the  pancreas.  The  most  probable  explanation  would  seem  to  be  a 
further  polymerization  of  the  sugar  in  the  presence  of  the  living  heart 
to  a  more  stable  form  with  a  diminished  power  of  reduction.  Neither 
of  these  apparent  syntheses  is  brought  about  by  an  extract  of  the 
ground  pancreas,  by  the  perfusion  of  the  spleen,  the  kidneys,  or  the 
heart  alone,  or  by  a  combined  perfusion  of  the  pancreas  and  heart 
with  levulose.  As  to  the  nature  of  these  probable  polysaccharides 
formed  from  dextrose,  nothing  definite  can  be  stated,  but  the  facts 
described  tend  to  eliminate  certain  known  sugars  from  consideration. 
Thus,  because  the  optical  rotations  of  the  perfusates  are  diminished, 
maltose,  isomaltose,  saccharose,  and  glycogen  cannot  be  considered, 
for  each  gives  a  greater  positive  rotation  than  dextrose.  Lactose 
is  also  eliminated,  for  its  rotation  is  identical  with  that  of  dextrose. 

The  supposition  that  synthetic  changes  are  brought  about  by  the 
pancreas  or  by  the  combined  influence  of  the  heart  and  pancreas,  is 
in  accord  with  numerous  examples  of  the  synthetic  actions  of  enzymes 
which  have  been  experimentally  demonstrated  by  other  observers. 
Thus,  Hill  (4)  showed  that  maltase  could  synthesize  a  certain  pro- 
portion of  dextrose  to  what  he  thought  was  maltose.  Lombroso  (5) 
brought  about  a  synthesis  of  fats  by  the  action  of  pancreatic  Hpase. 
Taylor  (6)  obtained  a  protamine  from  its  cleavage  products  by  the 
action  of  trypsin.  In  my  experiments  some  such  synthetic  action 
seems  to  be  a  more  likely  explanation  of  the  results  and  one  better  in 
accord  with  our  general  knowledge  of  enzymes  and  sugars  than  the 
alternative  suggestion  of  some  essential  change  in  the  configuration 
of  the  dextrose  molecule.  The  facts  that  osazones  with  lower  melt- 
ing points  are  obtained,  and  that  the  optical  rotations  of  the  perfusates 
and  the  melting  points  of  the  osazones  can  be  reestabhshed  to  some 
extent  by  hydrolysis  with  weak  acid,  would  be  strong  evidence  that 
synthesis  had  occurred. 
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111  this  connection  it  is  suggestive  to  note  thai  the  presence  of  more  complex 
sugars  than  dextrose  has  been  apparently  demonstrated  both  in  the  blood  and 
body  tissues  by  various  workers.  Thus  Pavy  (7)  and  Lepine  (8)  by  hydrolyzing 
blood  increased  its  reducing  properties.  In  a  recent  publication  Palmer  (9) 
has  clearly  shown  that  extracts  of  heart  or  skeletal  muscle  give  a  similar  increase 
of  reduction  on  hydrolysis.  Again,  a  number  of  workers  have  obtained  osazones 
with  lower  melting  points  than  glucosazone  from  blood  and  muscle  extracts. 
Panormoff  (10)  secured  an  osazonc  with  a  low  melting  point  from  extracts  of  dog 
muscle.  From  the  blood  Pa\y  and  Siau  (11)  obtained  an  osazone  which  melted 
at  153°C.,  and  suggested  its  identity  with  Fischer's  "isomaltose."  Osborne  and 
Zobel  (12)  by  more  careful  work  concluded  that  this  substance  was  maltose. 
Levene  and  Meyer  (13),  by  combining  muscle  and  pancreas  extracts  in  the 
presence  of  relatively  concentrated  solutions  of  dextrose,  isolated  a  biosazone 
which  melted  at  about  200°C.  The  possible  association  of  these  facts  with  the 
present  work  is  of  interest. 

The  evidence  previously  advanced  for  the  enzyme  character  of 
the  substance  obtained  from  the  perfused  pancreas  is  corroborated 
further  in  these  experiments  by  the  specificity  of  its  action  on  dextrose 
as  compared  to  levulose,  and  by  the  fact  that  the  changes  do  not 
proceed  to  completion.  Within  recent  years  the  specificity  of  enzyme 
action  has  received  many  proofs  and  in  general  it  has  been  found  that 
when  an  enzyme  action  is  selective  between  two  simple  sugars,  the 
selection  is  dependent  upon  the  configuration  of  the  sugar  molecule 
rather  than  upon  the  presence  of  ketone  or  aldehyde  radicals.  It 
would  seem  possible  that  the  selective  action  of  the  pancreas  for  the 
normal  body  sugar,  dextrose,  as  compared  to  levulose  also  depends 
upon  the  molecular  configuration  rather  than  upon  the  fact  that 
dextrose  is  an  aldehyde  and  levulose  a  ketone  sugar. 

From  the  experiments  here  reported,  it  cannot  be  determined 
whether  the  specific  sensitization  of  the  heart  for  dextrose  is  de- 
pendent merely  upon  the  preliminary  change  in  the  sugar  produced 
by  the  pancreas.  It  seems  probable  that  the  action  of  the  pancreatic 
enzyme  does  not  cease  with  a  simple  polymerization  but  that  it  initi- 
ates a  number  of  changes,  the  subsequent  steps  of  which  are  de- 
pendent upon  the  interrelation  of  the  enzyme  with  the  living  heart. 
As  far  as  the  heart  alone  is  concerned  there  is  a  similarity  in  its  action 
to  that  of  an  eviscerated  diabetic  animal  as  described  by  Macleod 
and   Pearce  (14).     In  both  there  is  a  certain  apparent  utilization 
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of  dextrose,  but  for  the  isolated  heart,  at  least,  this  utilization  is 
non-specific,  for  it  occurs  almost  equally  well  with  le\nilose.  In 
both,  however,  there  is  a  certain  fundamental  incompleteness  in  the 
power  to  utiHze  sugar.  With  the  heart,  by  supplying  a  pancreatic 
perfusate,  a  highly  specific  relation  is  established  between  it  and  the 
circulating  dextrose  which  not  only  causes  an  immediate  and  rapid 
utilization  of  dextrose  but  also  brings  about  a  certain  condensation  of 
dextrose  which  can  be  initiated  by  the  pancreas  alone.  This  specific 
interrelation  of  the  pancreas  and  heart  to  dextrose  suggests  that  in 
normal  sugar  metabolism  this  pancreatic  enzyme,  or  enzymes,  may 
be  necessary;  that  certain  stages  of  synthesis  and  polymerization 
may  be  of  importance  as  intermediate  steps  in  carbohydrate  utiliza- 
tion; and  that  when  there  is  an  insufficiency  of  the  pancreatic  func- 
tion, though  the  body  tissues  are  supplied  with  an  abundance  of 
dextrose  which  can  be  burned  to  a  certain  extent,  yet  the  essential 
steps  by  which  dextrose  is  prepared  for  normal  utilization  cannot 
take  place. 

SUMMARY. 

When  the  pancreas  of  a  dog  is  perfused  aseptically  with  a  Locke's 
solution  containing  dextrose  in  physiological  concentrations,  the 
optical  rotation  of  the  perfusate  is  diminished,  but  its  reducing  power 
is  unaltered.  This  change  also  occurs  if  dextrose  is  added  to  a  sugar- 
free  pancreatic  perfusate  and  the  mixture  incubated.  These  per- 
fusates yield  osazones  with  lower  melting  points  than  glucosazone, 
but  when  the  perfusates  are  hydrolyzed  ^^dth  weak  acid  their  optical 
rotations  and  the  melting  points  of  their  osazones  are  increased. 
These  changes  do  not  occur  with  le\ailose,  or  with  an  extract  of  the 
pancreas  and  dextrose.  When  the  heart,  spleen,  or  kidneys  are 
perfused  wath  dextrose  solutions  hydrolysis  of  the  perfusates  does 
not  increase  their  optical  rotation  or  power  of  reduction. 

When  a  pancreatic  perfusate  containing  dextrose  is  circulated 
through  a  Hving  heart  not  only  do  the  above  changes  take  place  but, 
in  addition,  the  reducing  properties  of  the  perfusate  are  altered. 
Hydrolysis  of  such  a  perfusate  increases  its  reducing  power,  its  optical 
rotation,  and  the  melting  point  of  its  osazone.  A  heart  does  not 
cause  this  effect  either  alone  or  when  perfused  together  with  the 
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spleen  or  kidneys.     Levulose  perfused  through  the  heart  and  pancreas 
is  unchanged. 

These  phenomena  are  believed  to  be  due  to  an  enzyme  or  enzymes 
obtained  from  the  perfused  pancreas.  The  changes  in  optical  rota- 
tion, in  reduction,  and  in  the  osazones  are  accounted  for  by  different 
degrees  of  dextrose  condensation.  While  the  living  heart  can  destroy 
both  dextrose  and  levulose  to  some  extent,  the  experimental  results 
suggest  that  the  enzyme  or  enzymes  derived  from  the  perfused  pan- 
creas have  a  specific  action  on  dextrose  and  are  responsible  for 
certain  essential  steps  by  which  dextrose  is  prepared  for  normal 
utilization. 
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The  solution  of  the  problem  of  the  mode  of  infection  in  poliomyelitis 
has  been  attempted  in  various  ways,  with  results  which  have  led  to 
the  conclusion  that  the  microbic  cause  is  conveyed  from  one  indi- 
vidual to  another  by  personal  contact.  This  behef  is  based  upon 
cKnical  observation  and  experiment.  Wickman  first  brought  clini- 
cal proof,  since  supported  by  many  independent  observations,  of  the 
correctness  of  this  generalization ;  and  Flexner  and  Lewis,  and  later 
Kling  and  Pettersson,  provided  the  experimental  demonstration  of 
its  adequacy. 

However,  a  considerable  number  of  physicians  and  others  still 
refuse  to  accept  this  explanation.  They  hold  that  the  mode  of  in- 
fection remains  undiscovered,  or  they  account  for  it  through  some 
variety  of  insect  transmission,  also  undetected.  In  recognition  of 
the  skepticism  still  prevailing,  we  have  been  led  to  describe  in  detail 
the  experimental  demonstrations  of  the  carriage  by  healthy  persons 
of  the  virus  of  poliomyelitis,  to  which  may  now  be  added  our  own 
successful  inoculations.  Our  results  include  the  demonstration,  re- 
corded for  the  first  time,  that  a  proved  carrier  of  the  virus  may  come 
down  with  acute  poliomyelitis.  This  observation  should  serve  to 
strengthen  the  position  of  those  who  accept  as  established  the  personal 
communication  of  the  microbic  cause,  or  virus,  of  the  disease. 

*  Maintained  by  a  special  fund  privately  donated. 
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Previous  Reports. 

•  Wickman's^  clinical  studies  may  be  said  to  have  disseminated  the  view  of  the 
personal  factor  in  the  communication  of  the  virus  of  poliomyelitis.  He  empha- 
sized the  occurrence  and  epidemiological  importance  of  the  non-paralytic  or 
abortive  cases,  the  first  description  of  which  is  usually  credited  to  him,  and  of 
healthy  intermediaries,  or  bacillary  carriers,  who  function  as  purveyors  of  the 
microbic  agent.  His  study  constituted  a  great  step  forward;  but  the  first  person 
to  allude  to  non-paralytic  cases  of  epidemic  poliomyelitis  is  Caverly,^  who  records 
the  occurrence  of  6  cases  among  the  total  of  132  cases  on  which  he  based  his  report 
describing  the  Rutland  epidemic  of  1894. 

Soon  after  Landstciner  and  Popper's'  experimental  transmission  of  poliomyelitis, 
Flexner  and  Lewis^  detected  the  virus  in  the  nasopharyngeal  mucous  membrane 
of  infected  monkeys.  This  observation,  soon  confirmed  by  several  independent 
bacteriologists,  was  followed  by  a  study  made  by  Kling,  Pettersson,  and  Wern- 
stedt^  who  injected  into  monkeys  buccal  washings  from  so  called  abortive  cases 
and  from  healthy  contacts.  Their  results  were  inconclusive,  as  the  clinical  con- 
dition produced  was  not  typical  of  poliomyelitis,  and  the  pathological  changes 
described  as  present  in  the  spinal  cord  were  not  characteristic  of  the  disease. 
They  explained  the  discrepancy  by  the  supposition  that  the  virus  present  in  the 
abortive  cases  and  healthy  carriers  was  relatively  avirulent.  This  view  is  re- 
peated in  their  recent  report^  in  which  they  describe  an  instance  of  healthy  carriage 
of  the  highly  active  virus  inducing  paralysis  and  characteristic  lesions.  The  first 
demonstration  of  the  typical  virus  in  the  nasopharyngeal  washings  of  healthy 
persons  was,  however,  made  by  Flexner,  Clark,  and  Eraser,^  whose  report 
follows  in  detail. 

E.  A.,  female,  age  4  years  and  4  months.  The  patient  had  been  ill  from  Oct. 
12  to  17,  1912.  On  the  latter  date  she  was  admitted  to  the  Hospital  of  The 
Rockefeller  Institute  for  Medical  Research,  suffering  from  severe  paralytic  polio- 

'  Wickman,  I.,  Beitriige  zur  Kenntnis  der  Heine-Medinschen  Krankheit,  Ber- 
lin, 1907. 

^  In  view  of  the  importance  which  the  non-paralyti :  cases  have  assumed  in  the 
epidemiology  of  poliomyelitis  it  is  pertinent  to  quote  Caverly,  who  slates  that 
paralysis  occurred  in  119  cases,  7  cases  died  before  paralysis  was  detected,  "and 
the  remaining  6  had  no  paralysis,  but  all  had  a  group  of  symptoms  very  common 
in  the  initial  stage  in  those  which  were  paralyzed,  such  as  headache,  fever,  con- 
vulsions, or  nausea,  one  or  all"  (/.  Am.  Med.  Assn.,  1896,  xxvi,  1). 

'  Landstciner,  K.,  and  Popper,  E.,  Z.  Immunitdlsjorsch.,  Orig.,  1909,  ii,  377. 

*  Flexner,  S.,  and  Lewis,  P.  A.,  J.  Am.  Med.  Assn.,  1910,  liv,  1140. 
^  ^  Kling,  C,  Pettersson,  A.,  and  Wernstedt,   W.,   Communications   Inst.  mSd. 
Etat  a  Stockholm,  1912,  iii,  5. 

'  Kling,  C,  and  Pettersson,  A.,  Deutsch.  med.  Woch.,  1914,  xl,  320. 

^  Flexner,  S.,  Clark,  P.  F.,  and  Eraser,  F.  R.,  /  .\m.  M.:d.  Assn.,  1913,  Ix,  201. 
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myelitis.  She  subsequently  improved  and  was  discharged.  Oct.  28.  The 
mother  and  father  of  the  child  were  subjected  to  a  nasopharyngeal  irrigation  with 
normal  saline  solution;  about  150  cc.  of  washings  were  obtained.  The  fluid  was 
shaken  and  passed  through  a  Berkefeld  filter;  of  the  filtrate,  1.5  cc.  were  injected 
the  same  day  into  the  sheath  of  each  sciatic  nerve  and  140  cc.  into  the  peritoneal 
cavity  of  a  Macacus  cynomolgiis  (Monkey  A).  Recovery  from  the  anesthesia 
was  prompt  and  the  animal  remained  well  until  Nov.  11,  when  it  was  noted  to  be 
excited  and  to  drag  the  right  leg;  the  left  leg  was  weak.  Nov.  12.  Right  leg 
flaccid.  A  lumbar  puncture  yielded  2.5  cc.  of  fluid  containing  excess  of  white 
corpuscles.  Nov.  13.  The  condition  was  unchanged;  the  animal  was  etherized. 
The  organs  generally  were  normal  in  appearance;  the  spinal  cord  was  edematous. 
Microscopic  examination  of  sections  of  the  spinal  cord,  medulla,  and  interstitial 
ganglia  revealed  the  characteristic  lesions  of  poliomyelitis.  The  blood  vessels 
and  ground  substance  showed  infiltrations  with  mononuclear  cells;  the  motor 
nerve  cells  were  degenerated  and  invaded  by  phagocytes. 

Dec.  3.  An  emulsion  of  the  glycerolated  spinal  cord  and  medulla  was  injected 
into  each  sciatic  nerve  and  the  peritoneal  cavity  of  a  Macacus  cynomolgus  (Mon- 
key B)  and  a  Macacus  rhesus  (Monkey  C).  Dec.  9.  The  rhesiis  monkey  was 
noted  to  be  excited.  Dec.  10.  Lumbar  puncture  yielded  3  cc.  of  turbid  fluid 
contaimng  excess  of  white  cells.  By  Dec.  13,  the  legs  were  partially  paralyzed; 
the  animal  was  etherized.  Microscopic  sections  of  the  spinal  cord,  medulla,  and 
intervertebral  ganglia  showed  typical  infiltrative  and  degenerative  lesions. of 
poliomyelitis.  The  cynomolgus  monkey  became  excited  on  Dec.  10,  and  on  the 
19th  paralysis  of  the  legs  appeared.  By  Dec.  2 1  the  arms  and  back  were  weak,  and 
the  paralysis  was  extending.  Dec.  23.  The  animal  was  etherized.  The  general 
viscera  appeared  normal,  but  the  spinal  cord  was  both  edematous  and  congested. 
The  microscopic  sections  of  the  cord,  medulla,  and  intervertebral  ganglia  showed 
typical  infiltrative  and  degenerative  lesions  attended  by  neurophagocytosis. 
Subsequently  the  glycerolated  specimens  of  the  nervous  organs  of  Monkeys  B 
and  C  were  used  for  inoculating  stiU  other  monkeys,  in  which  typical  paralysis 
was  induced. 

The  conclusion  drawn  by  the  authors  from  this  demonstrative  experiment  was 
to  the  effect  that  the  parents  of  E.  A.,  neither  of  whom  showed  any  symptoms  of 
illness  and  who  evidently  were  not  suffering  from  poliomyelitis,  harbored  the 
virus  of  the  disease  in  the  nasopharynx.  Hence  the  existence  of  the  healthy 
carrier  was  thus  established  experimentally. 

The  next  demonstrative  experiment  was  suppUedby  Kling  and  Pettersson®  who, 
in  referring  to  their  earlier  failure  to  produce  cHnically  and  anatomically  typical 
poUomyehtis  with  nasopharyngeal  washings,  attribute  the  failure  to  the  injection 
of  insufficient  amounts  of  virus  into  the  monkeys.  They  repeated  the  tests,  using 
washings  concentrated  in  vacuo  with  the  Faust-Heim  apparatus. 

They  started  out  by  determining  the  heat  labiHty  of  the  active  virus,  and  as- 
certained that  a  liter  of  fluid  carrying  an  effective  dose  could  be  evaporated  at 
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temperatures  ranging  from  35  to  38°C.  to  200  cc.  without  losing  its  potency. 
They  now  obtained  nasopharyngeal  washings  in  amounts  of  1  to  2  liters  from 
healthy  persons  in  contact  with  cases  of  acute  poliomyelitis.  In  one  instance  in 
which  the  washings  were  taken  from  the  healthy  members  of  a  family  in  which 
one  member  had  recently  died  of  acute  p>oHomyelitis,  the  inoculation  resulted 
successfully. 

The  patient  was  a  male,  age  41  years.  The  illness  began  on  Sept.  10,  the  legs 
becoming  paralyzed  2  days  later.  Death  took  place  on  the  4th  day  of  illness 
from  respiratory  failure.  The  surviving  members  of  the  family  consisted  of  the 
wife  and  three  children  ranging  from  10  to  14  years,  all  remaining  well.  One  day 
after  the  death  of  the  father  in  a  hospital,  nasal  washings  were  taken  in  distilled 
water  from  the  surviving  members  of  the  family.  The  combined  washings, 
amounting  to  1  liter,  were  evaporated  i»  vacuo  to  75  cc,  sodium  chloride  was  added, 
and  the  mixture  was  filtered  first  through  paper  and  then  through  a  Berkefeld 
candle. 

Sept.  20.  0.5  cc.  of  the  filtrate  was  injected  intracerebrally  and  20  cc.  were 
introduced  into  the  peritoneal  cavity  of  a  Macacus  sinicus.  Oct.  2.  The  right 
leg  and  on  the  next  day  both  legs  and  back  were  paralyzed,  and  death  resulted. 
The  microscopic  sections  of  the  spinal  cord  showed  moderate  perivascular  and 
diffuse  infiltration  til  the  nervous  tissue  with  mononuclear  cells  and  neurophago- 
cytosis.  Oct.  3.  A  second  Macacus  sinicus  was  inoculated  intracerebrally  and 
intraperitoneally  with  an  emulsion  of  the  spinal  cord  of  the  first  animal.  On  Oct. 
13  the  right  leg  and  on  the  next  day  the  left  leg  were  paralyzed.  Oct.  15.  The 
animal  was  killed.  Sections  of  the  spinal  cord  showed  typical  infiltrative  and  de- 
generative lesions  of  poliomyelitis. 

There  can  be  no  doubt,  therefore,  that  in  this  family  one  or  more 
healthy  carriers  of  the  active  virus  of  poliomyelitis  existed.  That 
the  result  was  not  due  entirely  to  the  employment  of  concentrated 
washings  is  indicated  by  the  failure  to  detect  the  virus  in  the  washings 
obtained  from  the  healthy  associates  of  two  other  cases  of  acute 
poliomyelitis. 

OBSERVATIONS. 

In  the  two  successful  instances  just  reviewed,  mixed  washings  were 
employed  for  inoculation.  It  is,  therefore,  impossible  to  state 
whether  one  or  more  of  the  healthy  contacts  of  the  cases  of  polio- 
myelitis were  carriers.  In  the  instance  which  we  shall  report  the 
individuals  were  irrigated  separately.  The  final  result  proved  that 
more  than  one  virus  carrier  was  present,  and  it  was  demonstrated 
that  such  a  healthy  carrier  may  develop  poHomyelitis.     We  may 
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therefore  regard  the  chain  of  the  mode  of  infection  as  now  having 
been  completed  for  the  first  time.  The  separate  hnks  may  be  defined 
as  follows : 

Case  of  acute  poliomyelitis >  contact  carrier >  second  case. 

A  still  further  analysis  would  determine  that  through  the  contact 
carrier  other  carriers  occur,  among  which  a  certain  number  of  addi- 
tional cases  arise. 

Poliomyelitis  occurred  in  epidemic  form  in  Washington  County, 
Vermont,  in  the  summer  of  1917.  From  June  1  until  September  1, 
79  cases  were  recognized  among  the  population  of  45,000. 

Carey  P.,  male,  age  16  years.  The  patient  lived  in  the  village  of  Waitsfield, 
18  miles  from  Montpelier,  where  cases  of  poliomyelitis  existed.  No  case  of  the 
disease  had  been  discovered  in  Waitsfield.  On  June  2,  1917,  he  attended  a  ball 
game  at  Northfield  where  there  were  no  cases,  and  returning  home  stopped  in 
MontpeHer  for  supper.  Probably  in  the  assembly  at  Northfield  persons  from 
the  infected  district  were  present.  Until  June  12  there  were  no  symptoms  of  ill- 
ness; on  that  day  there  was  complaint  of  headache  and  pain  in  the  back  and  legs. 
The  patient  vomited  once.  June  13.  First  seen  by  a  physician  who  observed 
that  the  patient  had  fever,  and  treated  him  for  a  gastrointestinal  upset.  June 
16.  Extensive  paralysis  involving  both  legs,  right  triceps,  intercostals,  pectorals, 
and  diaphragm.  Lumbar  puncture  yielded  clear  fluid  under  pressure,  containing 
400  white  cells  per  cmm.  and  excess  of  globulin.     Death  occurred  on  this  date. 

The  family  consisted  of  the  father,  age  59  years,  mother,  age  42, 
sister.  Hazel,  age  13,  two  brothers,  Everett,  age  10,  and  Dwight,  age 
7.  The  two  younger  brothers  slept  in  the  same  bed,  and  in  the  same 
room  with  the  elder  brother  Carey. 

June  16.  Everett  and  Hazel  were  given  nasopharyngeal  irrigation 
with  distilled  water,  60  cc.  being  obtained  from  the  former  and  100 
cc.  from  the  latter.  10  per  cent  of  ether  was  added  to  each,  and  the 
fluids  were  sent  at  once  to  the  laboratory.  One  of  us  had  previously 
determined  that  ether  inhibits  bacterial  development  without  injur- 
ing the  poliomyelitic  virus.  The  washings  were  treated  separately 
as  follows:  Glass  beads  were  added  and  they  were  shaken  mechani- 
cally for  2^  hours.  They  were  then  centrifuged  at  high  speed  for  2^ 
minutes,  and  the  supernatant  fluid  was  passed  through  a  Berkefeld 
N  candle  and  concentrated  in  vacuo  by  the  method  already  described 
by  us^  at  35°C.  to  2  cc.     The  entire  concentrate  was  injected  intra- 

«  Amoss,  H.  L.,  and  Taylor,  E..  /.  Exp.  Med.,  1917,  xxv,  507. 
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cerebrally  into  two  Macacus  rhesus  monkeys  (Monkey  A  (Everett) 
and  Monkey  B  (Hazel)  ).'  The  time  elapsing  between  the  collection 
and  the  injection  of  the  washings  was  less  than  6  hours. 

We  return  briefly  to  the  history  of  the  two  children.  Everett  had 
not  been  away  from  the  village  and  was  in  usual  health  until  June 
13,  the  day  after  Carey  fell  ill.  He  also  felt  indisposed,  showed  a 
temperature  of  102°  F.  and  suffered  from  diarrhea,  but  did  not  vomit. 
However,  he  recovered  quickly  and  subsequently  on  minute  examina- 
tion has  shown  no  muscular  weakness  or  abnormality  of  reflexes. 

Hazel  had  not  been  away  from  Waitsfield.  She  had  been  entirely 
well  at  the  time  the  washings  were  taken  and  remained  well  until  June 
2 1 ,  at  which  time  she  complained  of  headache.  She  showed  a  tempera- 
ture of  102°  F.  On  June  22  her  reflexes  were  exaggerated  and  stiff- 
ness of  the  back  was  present,  but  no  muscular  weakness  was  detected. 
Lumbar  puncture  was  unsuccessful.  The  symptoms  subsided  gradu- 
ally, but  reexamination  made  on  July  22  revealed  partial  paralysis 
of  the  left  deltoid,  right  anterior  tibial,  and  abdominal  muscles.  She 
had,  therefore,  suffered  a  mild  attack  of  poliomyelitis. 

Monkey  A. — ^June  16,  1917.  Inoculated.  Remained  well  until  June  29,  when 
it  was  excitable,  emitted  staccato  cries,  and  showed  ruffled  hair.  The  animal  was 
noted  to  be  clumsy  in  movement  and  unable  to  jump.  June  30.  Both  legs  were 
weak.  July  4.  The  right  leg  was  paralyzed  and  flaccid;  the  left  leg  and  back 
were  weak.  The  paralysis  of  the  left  leg  and  back,  but  not  of  the  right  leg,  dis- 
appeared; the  latter  remained  and  contracture  gradually  set  in.  At  the  present 
time  (Sept.  1)  the  contraction  of  the  right  leg  is  so  marked  that  in  moving  about 
the  animal  does  not  touch  the  hmb  to  the  floor.  On  Aug.  8  blood  was  with- 
drawn for  a  neutralization  test  and  at  the  same  time  an  intracerebral  inoculation 
was  made  with  a  large  dose  of  virus  proved  active  in  another  monkey;  the  result 
was  negative.  The  animal,  as  is  usually  the  case,  having  recovered  from  a  recent 
infection,  was  resistant  to  reinoculation. 

Monkey  B. — June  17,  1917,  3  a.m.  Injected  intracerebrally  with  1.5  cc.  of  the 
concentrated  washings.  Recovery  from  the  anesthesia  was  immediate,  and  the 
first  symptoms,  consisting  of  excitability,  ruffled  hair,  staccato  cries,  and  partial 
paralysis  of  the  right  leg,  were  observed.  June  26.  The  paralysis  being  station- 
ary, the  animal  was  etherized.  The  organs  appeared  normal  to  the  naked  eye. 
Microscopic  sections  revealed,  however,  marked  typical  lesions  of  poliomyelitis. 
They  afTecled  the  spinal  cord  (Fig.  1),  medulla  (Fig.  2),  and  intervertebral  ganglia 
(Figs.  3  and  4),  and  consisted  of  typical  infillralion  with  mononuclear  cells  and 
nerve  cell  degeneration  with  phagocytosis. 


EDWARD   TAYLOR   AND    HAROLD    L.    AMOSS  751 

Monkey  C. — June  26,  1917.  Injected  intracerebrally  under  ether  anesthesia 
with  2.5  cc.  of  a  20  per  cent  emulsion  of  spinal  cord  and  medulla  of  Monkey  B. 
July  7.  The  first  symptoms  were  noted,  consisting  of  ruflled  hair  and  inclination 
of  head  to  the  left.  July  8.  The  animal  was  ataxic  and  protected  the  right  leg. 
July  9.  Unable  to  jump;  legs  and  back  weak.  July  10.  Paralysis  progressing. 
July  15.  Etherized.  The  spinal  cord  showed  typical  focal  lesions  of  poliomyelitis 
in  which  cicatrization  was  beginning. 

These  experiments  leave  no  doubt  that  the  washings,  both  from 
Everett  and  from  Hazel,  contained  the  virus  of  poliomyelitis.  The 
instance  of  Hazel  is  of  particular  importance  since  in  her  case  the  virus 
was  detected  in  washings  taken  5  days  before  the  first  symptoms  of 
what  proved  subsequently  to  be  a  mild  attack  of  pohomyelitis  set  in. 
In  other  words,  she  was  carrying  the  virus  in  her  nasopharynx  several 
days  in  advance  of  the  appearance  of  any  signs  of  illness.  She  con- 
stitutes, therefore,  an  example  of  a  carrier  of  the  virus  developing 
poliomyelitis — the  first  one  in  which  the  demonstration  has  been 
proved  experimentally. 

The  interpretation  in  the  case  of  Everett  is  not  so  simple.  When 
the  virus  was  detected  in  his  nasopharynx  he  had  passed  through  a 
slight  attack  of  illness,  at  about  the  same  time  with,  and  of  about  the 
same  character  as  that  of  his  brother  Carey  who  died,  but  unattended 
by  paralysis.  The  presumption  is  that  Everett  suffered  from  a  non- 
paralytic or  abortive  attack  of  poliomyelitis.  The  detection  of  the 
virus  in  his  case  proves  him  not  to  have  been  a  healthy,  but  a  recov- 
ered carrier  of  the  microbic  cause  of  the  disease. 

The  two  children  having  been  shown  to  be  virus  carriers,  their 
nasopharyngeal  secretions  were  tested  by  the  method  of  Amoss  and 
Taylor,^  to  determine  whether  they  would  neutralize  an  active  polio- 
myelitic  virus. 

July  23,  1917.  Washings  with  sterile  water  were  taken  from  the  children, 
and  fractionally  sterilized  and  mixed.  To  15  cc.  of  the  mixture  were  added  3.75 
cc.  of  a  Berkefeld  filtrate  of  a  5  per  cent  stock  glycerolated  poliomyelitic  spinal 
cord.  After  shaking,  the  combined  fluids  were  permitted  to  remain  at  37°C.  for 
24  hours.  1  cc.  of  the  fluid  was  injected  intracerebrally  into  a  Macaais  rhesus. 
No  symptoms  appeared  until  Aug.  4,  when  excitability,  ataxia,  paralysis  of  the 
right  arm,  and  weakness  of  the  back  were  noted.  Aug.  8-  .\nimal  prostrate. 
Aug.  10.     Died.     The  microscopic  lesions  were  typical  of  poliomyelitis. 
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The  mixed  nasal  washings  failed,  in  this  experiment,  to  neutralize 
the  virus. 

The  youngest  child,  Dwight,  age  7  years,  was  refractory  and  no 
washings  were  obtained  from  him  on  June  16  when  they  were  taken 
from  the  other  children.  On  June  18  he  complained  of  being  unwell. 
The  symptoms  were  severe  headache,  stiffness  of  neck,  exaggerated 
reflexes,  but  no  diarrhea.  Lumbar  puncture  yielded  a  fluid  contain- 
ing 500  white  cells  per  cmm.  and  an  excess  of  globuHn.  Immune 
poliomyelitic  serum  from  recovered  cases  of  the  disease  was  admin- 
istered intraspinally,  intravenously,  and  subcutaneously:  24  cc.  were 
given  intraspinally,  30  cc.  intravenously,  and  39  cc.  subcutaneously. 
Recovery  was  prompt,  with  a  slight  paralysis  of  the  right  anterior 
tibial  muscle.  Nasopharyngeal  washings  were,  however,  obtained  on 
September  4,  which  after  filtration  and  concentration  were  inoculated 
into  a  Macacus  rhesus  (Monkey  D).     The  monkey  remained  well. 

DISCUSSION. 

This  series  of  cases  of  poliomyelitis  in  one  family,  with  the  circum- 
stances surrounding  their  origin,  forms  an  instructive  illustration  of 
the  mode  of  infection  of  the  disease  as  brought  out  by  the  clinical 
and  experimental  study. 

In  the  first  place,  one  child  only — the  eldest  boy,  Carey— was  ex- 
posed in  a  locality  in  which  poliomyelitis  was  epidemic.  The  expo- 
sure took  place  on  June  2.  Immediately  afterwards  he  returned 
home,  to  a  village  in  which  no  previous  case  of  the  disease  had  oc- 
curred, and  mingled  freely  with  his  younger  brothers  and  sister.  The 
contacts  may  be  considered  to  have  been  intimate  in  that  the  three 
male  children  slept  in  the  same  room,  two  of  them  in  the  same  bed. 

The  incubation  period  in  Carey's  case  was  9  or  10  days,  as  he  was 
taken  ill  on  June  12.  His  brother  Everett,  6  years  younger,  devel- 
oped symptoms  1  day  later  and  passed  through  what  was  probably  a 
non-paralytic  attack  of  poliomyelitis.  He  may  be  considered  as  hav- 
ing been  infected  by  Carey  some  time  during  the  incubation  period, 
and  to  have  exhibited  a  shorter  incubation  than  his  brother.  The 
youngest  brother,  Dwight,  was  also  freely  exposed  to  both  older 
brothers  and  exhibited  symptoms  passing  into  those  indicative  of 
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poliomyelitis  5  or  6  days  later  than  his  brothers.  Finally,  Hazel,  the 
sister,  in  age  between  the  two  older  brothers  and  possibly  less  freely 
exposed,  developed  symptoms  and  muscular  weakness  last  of  all  and 
about  10  days  after  the  eldest  brother.  The  incubation  periods  of 
the  cases,  therefore,  probably  were  10  days  or  less,  and  the  order  of 
the  attacks  was  such  as  to  indicate  successive  infection  and  not  a 
common  one. 

The  second  feature  worthy  of  emphasis  is  the  detection  in  this  one 
family  of  two  carriers  of  the  poliomyelitic  virus  by  the  inoculation 
test.  One  (Everett)  was  discovered  to  be  a  carrier  probably  follow- 
ing a  non-paralytic  attack.  In  the  instance  of  Hazel  there  is  no 
doubt,  first  that  she  was  discovered  to  be  a  healthy  carrier,  and 
second  that  she  developed  typical  poliomyelitis  during  the  period  of 
carriage.  Incidentally  the  nasopharyngeal  secretions  of  Hazel  and 
Everett  failed  to  neutralize  the  poliomyelitic  virus. 

If  the  view  that  the  mode  of  infection  in  epidemic  poliomyelitis  is 
by  way  of  the  nasopharyngeal  mucous  membrane  and  is  brought 
about  or  greatly  facilitated  through  the  operation  of  healthy  carriers 
of  the  virus,  we  may  well  consider  whether  in  the  final  analysis  every 
case  of  the  disease  does  not  develop  from  a  carrier.  At  first  this  may 
seem  startling,  and  yet  it  merely  means  that  after  contamination  of  the 
nasopharynx  with  the  virus,  an  intervening  period  exists  during  which 
persistence,  multiplication,  and  invasion  of  the  virus  take  place.  In 
not  all  contaminated  persons  does  this  process  become  complete;  in 
some  the  virus  may  merely  persist  for  a  time,  in  others  it  may  mul- 
tiply in  the  nasopharynx  (these  constitute  the  healthy  carriers  of 
greater  or  less  endurance),  while  in  the  exceptional  few  invasion  also 
occurs.  In  the  latter,  symptoms  arise,  and  such  individuals  compose 
the  class  of  poliomyelitis  cases. 

SUMMARY. 

A  family  group  containing  four  children  of  whom  all  showed  in 
varying  degree  symptoms  of  poliomyelitis  is  described.  The  source 
of  infection  and  periods  of  incubation  have  been  followed.  Two  of 
the  children  were  proven  by  inoculation  tests  to  carry  the  virus  of 
poliomyelitis  in  the  nasopharynx.     Of  these,  one  was  detected  to  be 
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a  carrier  after  recovering  from  a  non-paralytic  attack  of  the  disease, 
and  the  other  was  discovered  to  be  a  carrier  about  5  days  before  the 
initial  s>Tnptoms,  attended  later  by  paralysis,  appeared.  The  origi- 
nal case  from  which  the  three  others  took  origin  was  fatal;  the  young- 
est child,  after  quite  a  severe  onset,  was  treated  with  immune  serum, 
and  made  a  prompt  and  almost  perfect  recovery.  The  nasopharyn- 
geal secretions  of  two  of  the  cases,  taken  1  month  after  the  attack, 
proved  incapable  of  neutralizing  an  active  poliomyelitic  virus. 

The  proposition  is  presented  that  every  case  of  poliomyelitis  de- 
velops from  a  carrier  of  the  microbic  cause,  or  virus,  of  poliomyelitis. 

EXPLANATION  OF  PLATES. 

Plate  55. 

Fig.  1.  Spinal  cord  of  Monkey  B,  showing  perivascular  infiltrat'on  and  neuro- 
phagocytosis.      X  90. 

Fig.  2.  Medulla  of  Monkey  B,  showing  dififuse  mononuclear  infiltration,  nerve 
cell  degeneration,  and  neurophagocytosis.     X  230. 

Plate  56. 

Fig.  3.  Intervertebral  ganglion  of  Monkey  B,  showing  infiltrative  changes  and 
nerve  cell  invasion.     X  120. 

Fig.  4.  Intervertebral  ganglion  of  Monkey  B,  showing  mononuclear  infiltra- 
tion, nerve  cell  degeneration,  and  neurophagocytosis.     X  240. 
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Fig.  2. 

(Taylor  and  .^moss:  Carriage  of  the  virus  of  poliomyelitis.) 
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Fig.  4. 

(Taylor  and  .Amoss:  Carriage  of  the  virus  of  poliomyelitis.) 
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A     NOTE     ON     PETROFF'S     CULTURAL     METHOD     FOR 

THE    ISOLATION   OF   TUBERCLE   BACILLI  FROM 

SPUTUM  AND  ITS  APPLICATION  TO  THE 

EXAMINATION  OF  MILK. 

By  F.  CONSTANCE  STEWART. 

(From  the  Sheffield  Laboratory  of  Bacteriology  and  Hygiene  of  Yale  University, 

New  Haven.) 

(Received  for  publication,  June  11,  1917.) 
Examination  of  Sputum. 

Previous  to  1915  the  chief  means  of  isolating  the  tubercle  baciUus 
from  sputum  was  animal  inoculation  with  subsequent  cultivation  of 
the  recovered  organism  on  some  suitable  medium,  as,  for  example, 
blood  serum  and  glycerol  egg.  Because  of  the  time  required,  the 
uncertainty  of  animal  inoculation,  and  the  possibihty  of  modifying 
the  organism  by  animal  passage,  this  method  has  proved  impractical 
and  unreliable. 

Uhlenhuth  and  Xylander  (1908)  found  that  antiformin  in  certain  concentra- 
tions is  bactericidal  for  almost  all  bacteria  but  the  baciUus  of  tuberculosis,  and 
formulated  their  well  known  method  for  isolating  tubercle  bacilli  in  pure  culture. 
Other  investigators  have  adopted  their  suggestions  in  whole  or  in  part,  but  with 
results  as  a  rule  far  from  satisfactory.  Petroff's  method  was,  therefore,  indeed 
welcome.  Since  the  appearance  of  Petroff's  articles  (1915)  Williams  and  Bur- 
dick  (1916)  have  described  a  simUar  method  in  which  they  employ  a  medium  of 
their  own.  No  reports  on  any  dupHcation  of  their  work  have  been  seen  by  the 
writer,  but  in  the  few  attempts  that  were  made  in  this  laboratory  to  repeat  the 
work  of  WiUiams  and  Burdick  no  satisfactory  conclusions  could  be  arrived  at. 

The  Petroff  mediimi  is  prepared  easily.  It  consists  of  whole 
egg  2  parts,  fresh  meat  juice  (beef  or  veal)  1  part,  glycerol  5  per 
cent,  and  gentian  \'iolet  1:10,000.  It  is  heated  in  the  inspissator 
at  85°C.  until  coagulated,  and  for  an  hour  at  75°C.  on  the  2  suc- 
ceeding days. 

The  sputum  to  be  examined  is  digested  with  an  equal  amount  of 
3  per  cent  sodium  hydroxide  at  37°C.  from  20  to  30  minutes.     The 
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mixture  is  then  neutralized  with  normal  hydrochloric  acid  and  cen- 
trifuged.  The  sediment  thus  obtained  is  spread  over  the  surface 
of  the  above  medium. 

In  the  1st  year  that  this  method  was  employed  Petroff  isolated  the  tubercle 
bacillus  129  times  from  135  specimens  of  sputum,  or  in  95.55  per  cent  of  the 
cases,  growth  being  obtained  in  7  to  14  days  after  inoculation.  In  several  in- 
stances he  recovered  the  organism  from  sputum  which  had  failed  to  reveal  it  by 
staining  and  direct  microscopic  examination.  He  examined  feces  also,  but  found 
it  more  difficult  to  isolate  tubercle  bacilli  from  this  source,  being  successful  only 
19  times  in  the  testing  of  35  specimens  (54  per  cent).  Although  Keilty  (1915, 
1916)  was  not  so  successful  as  Petroff  he  expressed  the  belief  that  the  method 
would  prove  itself  to  be  of  practical  value.  He  obtained  growth  from  12  out 
of  18  samples  of  known  tubercular  sputa,  only  4  being  isolated  in  pure  culture, 
however.  Mitchell  and  Simmons  (1915)  examined  35  specimens  from  which 
tubercle  bacilli  were  obtained  pure  in  80  per  cent  of  the  cases. 

The  present  investigation  is  in  part  a  duplication  of  the  work  of 
others  on  sputum  examination.  The  method  was  the  same  as  that 
described  by  Petroff,  except  for  a  few  minor  details.  Some  difficul- 
ties were  at  first  encountered,  such  as  contamination  and  drying  of 
the  medium,  but  these  were  soon  largely  overcome.  All  the  specimens 
used  were  sputa  which  were  procured  throligh  the  Yale  Medical 
School,  and  which  were  pronounced  positive  as  the  result  of  micro- 
scopic examination. 

Thirty-seven  specimens  were  examined,  and  from  twenty-four,  or 
64.8  per  cent,  tubercle  bacilli  were  isolated.  The  shortest  time  re- 
quired for  visible  growth  was  2  weeks,  while  the  average  period  was 
from  3  to  4  weeks.  In  some  instances  colonies  could  not  be  detected 
in  less  than  6  weeks  after  the  inoculation.  It  is  apparent  from 
these  statements  that  much  more  time  was  required  here  to  obtain 
the  organism  in  culture  than  in  the  work  of  Petroff.  These  results, 
however,  coupled  with  those  of  other  experimenters,  appeared  so 
promising  that  it  was  deemed  desirable  to  apply  the  method  to  the 
examination  of  milk,  and  perhaps  later  to  milk  products,  meats, 
sewage,  dust,  and  other  agents  or  media  which  may  be  suspected  of 
being  infected  with  tubercle  bacilU. 
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Examination   of  Milk. 

With  our  growing  belief  in  the  intercommunicability  of  bovine 
and  human  tuberculosis,  the  problem  of  determining  the  presence  of 
tubercle  bacilh  in  milk  by  a  quick  and  reliable  method  is  one  of 
great  importance.  The  need  of  such  a  method  is  made  all  the  more 
apparent  by  the  work  of  Hess  (1908)  in  New  York,  Anderson  (1909) 
in  Washington,  and  other  investigators  in  widely  separate  localities, 
which  showed  that  at  least  6  to  10  per  cent  of  the  unpasteurized 
market  milk  in  this  country  contains  the  organism  of  tuberculosis. 

This  is  not  only  a  public  health  problem,  but  also  one  of  great 
significance  from  the  broader  economic  standpoint.  Tuberculosis 
often  spreads  very  rapidly  in  a  herd  of  cattle  which  then  becomes  a 
constant  menace  to  other  live  stock  receiving  the  infected  milk,  as 
well  as  to  young  children.  According  to  statistics  of  the  Bureau  of 
Animal  Industry  about  10  per  cent  of  the  dairy  cattle  in  this  country 
are  reactors  to  the  tuberculin  test,  and  9  per  cent  of  all  the  hogs  that 
were  slaughtered  under  Government  inspection  in  1916  were  found  to 
present  evidence  of  tuberculosis  (Mohler  and  Washburn,  1917).  It 
has  been  estimated  that  the  aggregate  loss  to  the  United  States 
from  tuberculosis  among  farm  animals  is  $14,000,000  annually. 

The  only  method  of  determining  the  presence  of  tubercle  bacilli 
in  milk  has  been  that  of  animal  inoculation.  This  has  proved  too 
expensive,  slow,  and  unreliable,  as  there  is  always  the  possibility 
of  losing  the  animal  from  acute  non-tubercular  infection.  Staining 
and  direct  microscopic  examination  of  milk  or  its  sediment  for  tubercle 
bacilli  can  receive  no  serious  consideration,  on  account  of  the  rela- 
tively small  number  of  bacilli  present. 

In  the  first  endeavors  to  apply  Petroff 's  method  to  the  examination 
of  milk,  the  milk  was  artificially  infected  with  a  stock  culture  of 
Bacillus  tuberculosis.  A  small  clump  of  the  bacilli  was  finely  mashed 
in  6  cc.  of  bouillon  or  salt  solution;  after  prolonged  shaking  4  cc.  of 
this  suspension  were  added  to  about  85  cc.  of  cream,  from  which  4 
cc.  quantities  were  then  removed  and  placed  in  sterile  centrifuge 
tubes.  This  material  was  digested  with  an  equal  volume  of  3  per 
cent  sodium  hydroxide  solution  for  20  to  30  minutes  at  37°C.  After 
neutrahzing  and  centrifuging,  inoculations  from  both  the  fat  and 
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sediment  layers  in  the  centrifuge  tubes  were  made  on  the  gentian- 
violet-egg-meat-juice  medium  of  Petroff. 

The  first  experiments  were  so  successful  that  larger  quantities  of 
milk  were  inoculated  with  fewer  organisms,  and  allowed  to  stand  for 
12  to  24  hours,  some  in  the  ice  box  and  others  in  the  incubator,  be-, 
fore  the  samples  were  taken  for  testing.  With  these  less  abundantly 
inoculated  samples  positive  results  were  obtained  less  frequently 
than  in  the  preceding  work. 

Thirteen  samples  of  milk  were  artificially  infected  with  tubercle 
bacilli,  four  with  the  human  and  nine  with  the  bovine  type.  All  of 
the  human  and  five  of  the  bovine  type  were  recovered,  making  a 
total  of  nine,  or  69.2  per  cent,  positive  isolations,  a  higher  figure  than 
that  obtained  for  sputum.  From  each  of  these  specimens  either 
three  or  four  portions  of  the  milk  were  taken,  making  51  tests  in  all, 
from  which  tubercle  bacilli  were  recovered  twenty  times,  or  in  39.2 
per  cent  of  the  portions  tested. 

It  was  impossible  to  obtain  milk  from  cows  having  tubercular 
udders.  Samples  from  only  eight  tuberculin-reacting  animals  were 
available;  four  of  these  had  reacted  3  years  previously,  one  being 
negative  on  second  test.  The  cultural  tests  with  these  four  samples 
gave  negative  results.  The  other  four  were  from  cows  that  had 
recently  reacted;  these  likewise  proved  negative  by  the  cultural 
method.  Another  sample  of  milk  which  was  reported  as  coming 
from  a  cow  having  generaUzed  tuberculosis  was  tested,  but  here  again 
no  positive  results  were  obtained,  either  by  the  method  of  Petroflf 
or  by  guinea  pig  inoculation. 

Through  the  kindness  of  the  bacteriologists  of  the  New  Haven 
Health  Department,  59  samples  of  milk  obtained  from  widely  dif- 
ferent sources  and  taken  to  the  City  Laboratory  for  routine  testing 
were  placed  at  the  writer's  disposal.  Of  this  number  five,  or  8.4  per 
cent,  yielded  positive  growths  of  tubercle  bacilli.  As  a  rule,  when 
four  samples  were  tested  one  was  selected  at  random  for  guinea  pig 
inoculation  also.  In  this  control  experiment  2  cc.  of  the  milk  were 
injected,  1  cc.  subcutaneously  and  the  other  intraperitoneally.  Most 
of  the  animals  died  of  acute  non-tubercular  infection,  and  of  those 
which  lived  for  several  weeks  only  one  showed  signs  of  tubercular 
infection. 


F.   CONSTANCE   STEWART  759 

Twenty-nine  samples  of  milk  from  the  State  Bacteriological  Lab- 
oratory have  been  examined  also,  all  giving  negative  results.  If 
these  samples  are  included  with  those  obtained  from  the  City  Labora- 
tory the  percentage  of  positive  cultures  is  lowered  from  8.4  to  5.6. 

The  above  results  are  fairly  comparable  with  those  obtained  sev- 
eral years  ago  in  this  laboratory,  when  a  bacteriological  study  of  the 
market  milk  of  New  Haven  was  made,  and  6  to  8  per  cent  of  the  milk 
was  found  to  be  infected  with  tubercle  bacilli,  according  to  the 
guinea  pig  inoculation  method.  Only  six  samples  of  milk  purchased 
in  the  open  market  have  been  examined  in  the  present  investigation. 
The  results  were  all  negative. 

The  colonies  of  tubercle  bacilli  which  appeared  on  the  medium 
in  the  successful  isolations  from  milk  were  usually  small  and  few 
in  number,  hence  they  were  often  difhcult  to  detect.  However,  the 
bacilli  were  always  found  in  great  numbers  in  these  colonies,  and  pre- 
sented the  characteristic  appearance  when  stained  by  the  Ziehl- 
Neelsen  method.  In  one  of  the  successful  isolations  a  guinea  pig  was 
inoculated  with  the  acid-fast  bacilH.  It  died  2  weeks  after  the 
inoculation,  with  a  loss  in  weight  of  28  per  cent  and  presenting 
tubercular  lesjons  of  the  mesentery  and  liver.  The  rapidity  of  action 
in  the  test  animal  confirmed  the  microscopic  examination  which 
showed  the  bacilli  to  be  of  bovine  origin. 

The  morphological  characteristics  of  all  the  organisms  isolated 
from  milk  were  such  as  to  indicate  that  they  were  of  the  bovine 
t)^e.  The  possibility  of  modifying  the  medium  which  has  been  so 
successfully  used  in  the  isolation  of  the  human  tjrpe  to  meet  further 
the  requirements  of  the  tubercle  bacilli  of  bovine  origin  was  consid- 
ered, therefore.  In  the  work  of  Armand-Delille  and  his  coworkers 
(1913)  luxuriant  growths  of  Bacillus  tuberculosis  were  obtained  in 
synthetic  media  containing  certain  amino-acids  and  diamines.  It 
was  thought  desirable  in  this  investigation  to  add  various  amino- 
acids,  and  also  small  amounts  of  sugar  and  phosphates  to  the  gentian- 
violet-egg-meat-juice  medium  of  Petroff.  This  study  has  not  pro- 
gressed very  far,  however,  and  various  combinations  of  glycocoU, 
asparagin,  glucose,  and  phosphates  are  still  being  tried  out.  Thus 
far  it  appears  as  if  either  glycocoll  or  asparagin  favors  the  growth  of 
the  tubercle  bacilU  of  the  bovine  type. 
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Certain  obstacles  must  be  recognized  in  attempts  to  apply  the 
Petroff  method  to  the  detection  and  isolation  of  tubercle  bacilli 
present  in  cow's  milk,. that  are  not  encountered  in  the  examination  of 
sputum.  In  the  first  place,  the  experiments  cannot  be  controlled 
satisfactorily,  as  there  is  as  yet  no  reliable  method  of  identification 
with  which  the  new  method  may  be  compared.  Furthermore,  the 
relatively  small  numbers  of  tubercle  bacilli  which  are  probably  pres- 
ent in  samples  of  infected  milk  render  their  detection  correspondingly 
difficult.  And  finally,  the  slowness  and  difficulty  with  which  the 
bovine  type  of  Bacillus  tuberculosis  is  made  to  grow  on  artificial 
media  are  factors  which  must  be  reckoned  with.  However,  further 
investigation  of  this  problem  should  greatly  reduce  these  obstacles, 

SUMMARY   AND   CONCLUSIONS. 

1.  Tubercle  bacilli  were  isolated  by  the  Petroff  method  from  64.8 
per  cent  of  the  sputa  which  were  found  to  be  positive  by  the  direct 
microscopic  method. 

2.  The  organism  was  recovered  from  69.2  per  cent  of  the  samples 
of  milk  that  were  artificially  infected, 

3.  Of  the  milk  obtained  through  the  New  Haven  Health  Depart- 
ment Laboratory  8.4  per  cent  of  the  samples  were  found  to  contain 
tubercle  bacilli,  while  none  of  the  twenty-nine  samples  from  the 
State  Laboratory  gave  positive  cultures. 

4.  All  the  guinea  pigs  (thirteen),  except  one,  which  were  used  as 
control  animals  died  without  any  visible  signs  of  tuberculosis. 

5.  Petroft''s  method  for  the  isolation  of  tubercle  bacilH  from  spu- 
tum may  be  appHed  successfully  to  the  examination  of  milk.  With 
slight  modifications,  the  method  should  prove  constant  and  reUable. 
The  need  of  such  a  method  for  the  examination  of  milk  and  milk  pro- 
ducts is  apparent. 

I  wish  to  express  my  indebtedness  to  the  members  of  the  City 
and  State  Bacteriological  Laboratories  for  supplying  samples  of 
milk,  to  Dr.  S.  A.  Petroff  for  his  suggestions  on  technique,  and 
finally  to  Dr.  L.  F,  Rettger  for  his  advice  and  criticism  throughout 
the  course  of  this  investigation. 
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THE  BIOLOGICAL  IDENTITY  OF  THE  FRIEDLANDER 

BACILLUS. 

By  CALVIN  B.  COULTER,  M.D. 

(From  the  Pathological  Laboratory  of  The ,  Roosevelt  Hospital,  New  York.) 

(Received  for  publication,  June  18,  1917.) 

Although  immunological  reactions  have  been  applied  to  the  iden- 
tification of  members  of  the  Bacillus  mucosus  capsulatus  group,  the 
refractoriness  of  these  organisms  to  agglutination  by  immune  sera 
has  stood  in  the  way  of  a  satisfactory  classification  on  this  basis. 

In  spite  of  the  success  of  Landsteiner,^  Babes,^  Klemperer  and  Scheier,^  and 
Bertarelli*  in  agglutinating  Friedliinder  or  rhinoscleroma  bacilli  with  immune 
sera,  other  investigators  (Clarrmont,^  Sicard,''  Defalk,^  and  Forges'^)  have  found 
these  organisms  inagglutinable  in  their  native  condition,  so  that  recent  workers 
have  employed  the  method  of  Forges,^  which  is  directed  towards  dissolving  the 
mucoid  capsule  or  hydrolyzing  the  protein  material  which  holds  the  bacUli  in  an 
inagglutinable  suspension.  But  this  treatment  by  heating  in  acid  solution  has 
been  found  by  Streit^  to  lead  to  an  increase  in  the  susceptibility  of  the  bacterial 

^  Landsteiner,  K.,  Ueber  die  Folgen  der  Einverleibung  sterilisirter  Baklerien 
cult ur en,  Wien.  klin.  Woch.,  1897,  x,  443. 

^  Babes,  V.,  Ueber  das  Rhinosklerom,  in  KoUe,  W.,  and  von  Wassermann,  A., 
Handbuch  der  pathogenen  Mikroorganismen,  Jena,  1st  edition,  1903,  iii,  420. 

*  Klemperer,  F.,  and  Scheier,  M.,  Ueber  Identitat  der  Ozaena-  imd  der  Rhino- 
sklerombacillen  mit  Friedlander'schen  BacLUen,  Z.  klin.  Med.,  1902,  xlv,  133. 

^  Bertarelli,  E.,  Die  Kapselbacillen,  insbesondere  ihre  Systematik  und  die 
durch  sie  bedingten  immunitaren  Reaktionen,  Centr.  Bakteriol.,  lie  Abt.,  Ref., 
1906,  xxxvii,  343. 

■^Clairmont,    F.,    Differentialdiagnostische    Untersuchungen    iiber    Kapsel- 
bakterien,  Z.  Hyg.  u.  Itifectionskrankh.,  1902,  xxxix,  1. 

^  Sicard,  A.,  Compt.  rend.  Sac.  bioL,  1899,  i,  series  11,  813. 

^Defalk,  W.,  Sur  le  role  de  I'enveloppe  des  microbes,  Ann.  Inst.  Pasteur,  1902, 
xvi,  602. 

^  Forges,  O.,  Ueber  die  Agglutinabilitat  der  Kapselbakterien,  Wien.  klin. 
Woch.,  1905,  xviii,  691. 

^  S  reit,  H.,  Zur  Frage  der  Agglutinierbarkeit  von  Kapselbacillen,  Centr. 
Bakte  iol.,  Ite  Abt.,  Orig.,  1906,  xl,  709. 

763 


764  friedlander's  bacillus 

suspension  to  normal  sera  and  to  spontaneous  agglutination,  as  well  as  to  im- 
mune sera.  For  this  reason  as  well  as  for  the  variation  in  the  length  of  treatment 
required  to  make  different  strains  agglutinable,  the  method  has  not,  in  the  hands 
of  Streit^  and  Bcham,!"  been  found  suitable  for  diagnostic  purposes. 

Cultures  made  to  grow  in  a  dry  or  capsule-free  state,  by  development  at  low 
temperature  (110°C.),  or  on  potato  agar,  or  by  an  artificial  selection  of  the  smaller 
and  dryer  colonies  for  several  generations,  have  been  found  by  Streit  and  Beham 
respectively  to  be  agglutinated  by  immune  sera.  Since  these  dry  cultures  have 
been  found  by  these  writers,  and  by  von  Eisler  and  Porges,"  to  regain  their  cap- 
sulated  mucoid  stale  on  animal  passage,  this  simpler  method  does  not  appear 
suited  to  the  recognition  of  bacilli  in  their  most  characteristic  condition,  as 
direct  from  the  animal  body. 

EXPERIMENTAL. 

The  present  study  was  undertaken  as  part  of  an  immunological 
study  of  the  capsulated  Gram-negative  bacilli.  The  material  con- 
sisted of  fifty  strains,  some  isolated  in  this  laboratory,  and  the  rest 
collected  from  various  sources.'^  All  the  organisms  could  be  placed 
"n  the  group  comprising  Friedlander's  bacillus,  Bacillus  tnucosus 
capsulatus,  etc.,  and  Bacillus  acidi  lactici,  Bacillus  aerogenes,  etc. 

For  comparison  of  the  cultural  characteristics  the  organisms  were 
grown  in  parallel  streaks  on  dextrose  agar  in  large  (15  cm.)  plates. 
In  this  way  it  has  been  possible  to  distinguish  a  Friedlander  type, 
with  colonies  gray,  translucent,  of  fluid,  often  syrupy  consistency, 
and  transparent  watery  margins,  from  an  aerogenes  type  showing 
variations  but  having  in  common  opaque  ivory-white  colonies,  of  a 
more  pasty  consistency.  This  cultural  distinction  is  the  main  differ- 
ence between  the  two  organisms  described  by  Kruse,'^  and  may  be 

''•Beham,  L.  M.,  Die  agglutinatorischen  Eigenschaften  der  Kapselbacillen  und 
Anwendung  der  Serumagglutination  bei  den  Tragern  von  Kapselbacillen,  Centr. 
Bakteriol,  lie  AbL,  Orig.,  1912,  Ixvi,  110. 

"  von  Eisler,  M.,  and  Porges,  O.,  Ueber  die  Differenzierung  der  Kapselbak- 
terien  mit  Hilfe  agglutiniercndcr  und  pracipitierender  Immunsera,  Cenlr. 
Bakteriol.,  lie  AbL,  Orig.,  1906,  xlii,  660. 

'2  For  these  I  am  indebted  to  Dr.  W.  Rothberg  of  the  American  Museum  of 
Natural  History,  Dr.  J.  G.  Dwyer  of  the  College  of  Physicians  and  Surgeons,  Dr. 
E.  G.  Slillman  of  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Re- 
search, and  Miss  M.  Olmstead  of  the  Presbyterian  Hospital. 

"Kruse,  W.,  in  Fliigge,  C,  Die  Microorganismen,  Leipsic,  3rd  edition,  1896, 
pt.  2,  185. 
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regarded  as  the  basis  of  the  classifications  of  Clairmont^  and  of 
Strong.'-* 

Eleven  of  our  fifty  strains  belong  to  the  Friedlander  type.  The 
cultural  difference  in  our  experience  has  been  constant  both  for  young 
and  old  cultures,  but  can  be  recognized  surely  only  when  the  dif- 
ferent cultures  are  grown  upon  the  same  plate.  The  fluidity  of  the 
Friedlander  strains  varies  somewhat  upon  different  samples  of  media, 
and  on  blood  agar  the  growth  is  more  luxuriant  and  opaque,  but  the 
mucoid  characteristic  is  retained  in  all  cultures  and  we  have  not 
been  able  to  observe  distinct  moist  and  dry  growing  phases.  Two 
further  strains  show  a  translucent  mucoid  growth  on  dextrose  agar, 
but  resemble  Bacillus  coli  on  plain  agar.  One  of  these,  No.  12,  from 
the  intestine  forms  gas  from  lactose;  the  other.  No.  48,  from  a  nor- 
mal mouth  forms  acid  but  no  gas  on  lactose  and  saccharose,  and  can 
be  distinguished  by  this  means  also  from  the  eleven  type  strains. 
It  is  possible  that  such  variable  strains  as  these  have  been  observed 
by  authors  who  note  a  drying  out  of  the  cultures  on  long  continued 
cultivation  or  a  relation  between  mucoid  growth  and  the  water  and 
sugar  content  of  the  media  (Fiirst'^).  Other  organisms  of  a  more 
colon-like  growth  are  distinguished  culturally  without  difficulty. 

The  source  of  the  Friedlander  t}'pe  strains,  and  their  fermentation 
reactions  with  dextrose,  lactose,  and  saccharose  are  given  in  Table  I. 

Rabbits  have  been  immunized  with  killed  suspensions  of  agar 
growths  of  Strains  3,  24,  and  27.  Intravenous  inoculations  were 
made  every  4  or  5  days.  Eleven  of  the  fourteen  animals  died  in  the 
course  of  the  treatment,  all  but  two  dying  in  from  2  to  6  hours  after  a 
dose  slightly  larger  than  the  previous  one.  At  autopsy  the  findings 
of  distended  lungs,  petechial  hemorrhages  of  the  serous  surfaces, 
and  greatly  lengthened  coagulation  time  of  the  blood  have  pointed 
to  an  anaphylactic  death. 

In  the  blood  of  the  seven  animals  examined  it  has  been  possible  to 
demonstrate  agglutinins  for  the  homologous  strain  after  19  to  23 
days  of  immunization.     For  testing  agglutination  0.1  cc.  of  a  broth 

"Strong,  L.  W.,  Ueber  die  Kapselbacillen,  Cenlr.  Bakteriol,  He  Aht.,  1899, 
XXV,  49. 

'^  Furst,  T.,  Untersuchungen  iiber  Kapsel-  und  Hiillenbildungen  bei  den 
sogenannten  Kapselbakterien   Centr.  Bakteriol,  lie  AbL,  Orig.,  1910,  Ivi,  97. 
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TABLE   I. 


Series 
No. 


3 
4 
17 
23 
24 
25 
27 
36 

37 

47 
50 


Source. 

Bronchopneumonia 

Lung 

Ropy  milk 

Ozena 

Normal  mouth 

Lobar  pneumonia,  blood 

Meningitis 

Sputum;    child    with    pneu 

monia 

Sputum;    child    with    pneu 

monia 

Normal  mouth 


Dextrose. 


Acid  and  gas. 


((  K  <( 


Lactose. 


No  acid  or  gas. 
«       ((      «     « 


it  il         «      tc 


((         «       ((     (( 
(<         <<        <<     << 


Saccharose. 


Acid  and  gas. 


culture  has  been  used,  in  a  total  volume  of  0.5  cc.  of  serum  dilu- 
tion. The  titer  has  been  low  for  most  sera  not  exceeding  1 :  10,  but 
for  two  of  the  three  animals  that  survived  a  longer  immunization 
values  of  1 :  40  to  1 :  60  were  found.  The  addition  of  the  bacteria  to 
concentrated  serum,  1:1  or  1:5  dilution,  produces  an  almost  imme- 
diate coarse  flocculation  which  soon  settles  and  is  compacted  into  a 
firm  disc  in  the  bottom  of  the  tube.  In  higher  dilutions  the  floccula- 
tion is  finer,  slower  in  appearing,  does  not  form  so  firm  a  disc,  and  in 
the  highest  dilutions  does  not  produce  a  clearing  of  the  tube. 

This  result  presents  a  striking  similarity  to  the  agglutination  of 
Pneumococcus  mucosus  by  the  immune  serum  recently  described  by 
Wadsworth  and  Kirkbride.'^-  '^ 

Quantitative  relations  between  serum  and  culture  are  strictly 
maintained  so  that  0.1  cc.  of  serum  will  cause  complete  agglutination 
of  the  same  amount  of  culture  whether  it  is  in  a  volume  of  0.2  or  of 
1.0  cc.  The  concentration  affects  only  the  speed  of  the  reaction. 
The  stabiUty  of  Friedlander  bacillus  emulsions  has  been  noted  by 
Porges,  Streit,  and  Bertarelli,  and  is  so  marked  that  clearing  of  broth 
or  saline  emulsions  is  impossible  even  with  the  highest  centrifuge 

1*  Wadsworth,  A.  B.,  and  Kirkbride,  M.  B.,  A  note  on  the  production  of  anti- 
pneumococcus  sera,  J.  Exp.  Med.,  1917,  xxv,  629. 

"  This  immune  serum  was  kindly  placed  at  my  disposal  by  the  authors. 
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speed  obtainable.  This  is  due,  as  Porges'^  explains,  to  the  presence 
of  dissolved  bacterial  protein  substance.  The  soluble  material  is 
present  in  broth  cultures,  which  are  found  considerably  less  agglu- 
tinable  than  equally  turbid  suspensions  of  bacteria  washed  in  a 
Berkefeld  filter  or  by  centrifugation.  The  following  protocol  illus- 
trates this  point: 


Serum  24-A 

1  :  10 

1  :20 

1  :40 

:60 

Culture  24  (24  br.  broth  culture) 

zfc 

+++ 

+ 

=fc 

Emulsion    of    washed    bacteria    from    same 
culture 

The  dissolved  protein  may  be  obtained  by  filtration  from  broth  cul- 
tures as  soon  as  turbidity  has  begun  to  appear,  as  early  as  4  hours 
after  planting.  This  substance  reacts  specifically  with  immune  serum 
to  give  a  heavy  flocculent  precipitate  so  that  it  is  probable  that  it 
hinders  the  outflocking  of  the  bacteria  mainly  by  altering  the  quan- 
titative relations  between  serum  and  substrate. 

The  viscid  fluid  obtained  by  washing  out  the  peritoneal  cavity  of  an 
infected  animal  is  readily  flocculated  by  immune  serum,  and  capsules 
can  be  demonstrated  in  the  agglutinated  mass  from  this,  as  well  as 
from  broth  cultures  and  washed  bacterial  emulsions.  Examined  in  the 
hanging  drop,  the  capsules  appear  in  saline  solution  or  normal  serum 
only  as  halos  of  refraction,  but  on  the  addition  of  concentrated  im- 
mune serum  come  immediately  into  prominence,  swell  to  half  the 
diameter  of  a  red  blood  cell,  and  show  a  sharp  non-refractile  periph- 
ery. A  similar  observation  was  made  by  Landsteiner,'  but  appears 
to  have  been  overlooked  by  later  investigators.  In  weaker  sera, 
agglutination  may  take  place  without  the  occurrence  of  this  change. 
By  the  fuchsin-copper  sulfate  method  the  swollen  capsules  take  a 
uniform  heavy  stain. 

These  observations  do  not  support  a  morphological  conception  of 
the  capsule  as  an  impermeable  envelope;  they  indicate  rather  that  the 

^^Porges,  0.,  Ueber  die  Beziehungen  zwischen  Bakterienagglutination  und 
Ausflockungserscheinungen  der  KoUoide,  Centr.  Bakleriol.,  lie  Abt.,  Orig.,  1906, 
xl,  133. 
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peculiar  properties  of  the  Friedlander  bacillus  protein  determine  the 
nature  and  the  extent  of  its  reaction  with  immune  scrum. 

The  eleven  strains  belonging  to  the  Friedlander  cultural  type  were 
agglutinated  by  immune  sera  developed  against  strains  from  pneu- 
monia, from  meningitis,  and  from  a  normal  mouth.  For  a  given 
serum,  the  agglutination  titer  was  approximately  the  same  for  all 
strains.  There  was  no  evidence  on  which  to  base  a  subgrouping; 
unfortunately  the  supply  of  high  titer  serum  was  exhausted  before 
complete  absorption  experiments  could  be  applied  to  this  point. 
The  remaining  thirty-nine  strains  representing  different  cultural 
tx^pes  were  not  agglutinated  by  any  immune  serum  even  in  1 :  1 
dilution. 

CONCLUSION. 

We  conclude  therefore  that  this  series  of  eleven  lactose-negative 
organisms  of  the  Friedlander  type,  grouped  together  by  Perkins' ^ 
on  the  basis  of  fermentation  reactions  represents  a  single  biological 
group.  It  can  be  distinguished  from  Bacillus  aerogenes  and  other 
similar  bacilli  by  cultural,  fermentative,  and  serological  reactions. 
There  appears  to  be  a  close  analogy  between  this  group  and  Pneumo- 
coccus  mucosus  in  the  possession  of  a  fixed  cultural  type,  and  the  be- 
havior toward  immune  serum.  Both  represent  apparently  a  single 
biological  group.  Unfortunately  no  immune  sera  have  been  de- 
veloped against  the  two  strains  that  grew  in  moist  and  dry  phases; 
it  is  possible  that  with  immune  sera  for  these  light  could  be  thrown 
on  the  relation  suggested  by  Fitzgerald^**  that  the  capsulated  bacilK 
represent  a  parasitic  development  of  the  Bacillus  coli  group. 

I  wish  to  express  my  indebtedness  to  Professor  Zinsser  for  his 
suggestions,  and  my  appreciation  of  the  interest  and  advice  of  Pro- 
fessor J.  Gardner  Hopkins,  both  of  the  Department  of  Bacteriology 
of  the  College  of  Physicians  and  Surgeons  of  Columbia  University. 

'^  Perkins,  R.  G.,  /.  Infect.  Dis.,  1904,  i,  241. 
2''  Fitzgerald,  J.  G.,  /.  Infecl.  Dis.,  1914,  xv,  268. 
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That  alcohol  may  produce  distinct  anatomical  changes  in  the  testi- 
cles of  those  who  use  it  in  excess  has  been  observed  from  time  to  time 
by  pathologists  for  many  years,  and  yet  this  fact  does  not  seem  to  be 
widely  known  or  generally  taken  into  account  in  considering  the 
effects  of  alcoholism. 

HISTORICAL. 

As  long  ago  as  1837,  Rosch^  described  degenerative  changes  in  the  testicles  of 
alcoholics,  and  Lancereaux  described  parenchymatous  degeneration  of  the  seminal 
tubules.  In  1877  Schlemmer-  discussed  the  effects  of  alcohoHsm.  on  the  testicles, 
and  noted  that  it  often  caused  fatty  degeneration  of  the  seminal  epithelium, 
decrease  in  the  number  of  spermatozoa,  and  pigmentation  of  the  seminal  fluid. 
Rheinstaedter*  (1879)  and  Curschmann''  attributed  loss  or  decrease  in  testicle 
function  to  chronic  alcohoUsm,  the  former  stating  that  in  his  experience  excessive 
beer  drinking  liad  a  greater  effect  than  wines  or  distilled  liquors. 

Busch^  (1882)  studied  the  testicles  in  100  consecutive  autopsies  of  adult  males 
and  found  27  without  spermatozoa,  39  with  few,  and  34  with  many.  Although 
phthisis  and  other  chronic  diseases  furnished  many  cases  of  azoospermia,  he  ob- 
served that  this  condition  occurred  frequently  in  alcoholics,  especially  when 
associated  with  cirrhosis. 

^  Rosch,  cited  by  Forel.^^ 

^  Schlemmer,  A.,  Vrtljschr.  gerichtl.  Med.,  1877,  xxvii,  444. 

^  Rheinstaedter,  cited  by  Busch.^ 

*  Curschmann,  cited  by  Busch.^ 

5  Busch,  A.,  Z.  Biol,  1882,  xviii,  496. 
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In  1898  Simmonds^  reported  the  study  of  1,000  male  bodies,  of  which  125 
showed  azoospermia.  As  previously  observed  by  Busch,  Simmonds  found 
chronic  diseases  responsible  for  many  cases,  the  incidence  of  azoospermia  in 
cancer  cases  being  7  per  cent,  in  chronic  nervous  diseases  14  per  cent,  in  phthisis 
18  per  cent,  while  of  the  chronic  alcoholics  60  per  cent  had  no  spermatozoa.  Of 
all  autopsied  males,  5  per  cent  were  sterile  through  the  use  of  alcohol,  as  against 
3.3  per  cent  from  genital  diseases.  He  also  found  that  mechanical  occlusion  of 
the  seminal  tract,  even  of  years'  duration,  seldom  causes  atrophy  of  the  testicles 
or  absence  of  spermatozoa  in  the  tubules. 

Bertholet^  (1909)  made  a  report  of  the  findings  in  75  bodies  of  men  dying  at 
from  15  to  91  years  of  age,  of  whom  39  were  habitual  drinkers.  Of  the  39  al- 
coholics, only  2  had  testicles  that  did  not  show  atrophy  of  the  parenchyma  and 
sclerosis  of  the  stroma.  The  most  marked  change  occurred  in  alcoholics  who 
died  of  tuberculosis  or  cirrhosis.  Of  the  two  alcoholics  without  atrophy,  one  was 
a  man  but  24  years  old,  and  the  other  died  of  an  acute  intestinal  obstruction. 
Bertholet  describes  the  changes  in  detail.  Generally  the  testicles  are  noticeably 
small  and  firm,  because  of  atrophy  of  the  epithelium  and  increase  in  the  fibrous 
tissue.  The  spermatogonia  are  highly  atrophic,  the  nuclei  cannot  be  stained  dis- 
tinctly with  hemalum,  and  it  is  impossible  to  "distinguish  between  spermatocytes 
and  spermatids,  because  they  are  all  in  the  resting  stage  and  show  no  mitosis  or 
spermatozoa  production.  The  cells  of  Leydig,  on  the  other  hand,  seem  to  be 
increased  in  .size,  number,  and  staining  intensity  of  the  cytoplasm.  The  basal 
membrane  is  much  thickened  by  concentrically  arranged  lamella?  and  spindle 
cells;  there  is  also  an  increase  in  the  connective  tissue  between  the  tubules,  with 
sometimes  a  slight  round  cell  infiltration.  The  atrophy  and  azoospermia  was 
complete  in  24  of  the  37,  including  7  who  died  of  cirrhosis;  in  but  4  was  the  change 
of  only  insignificant  degree.  Although  similar  changes  of  slight  degree  were 
found  in  non-alcoholics,  the  advanced  changes  were  seen  only  in  those  who  drank 
heavily.  Even  in  senility  the  atrophy  and  fibrosis  were  less  marked  than  in  the 
alcoholics. 

Since  the  reports  of  Simmonds  and  Bertholet,  a  few  other  papers  have  appeared 
corroborating  their  observations  in  all  essentials,  although  not  all  investigators 
on  alcoholism  have  considered  the  sex  cells.  Thus  Fahr,^  in  his  study  of  the 
anatomical  changes  in  309  alcoholics,  makes  no  mention  of  the  generative  tract 
or  the  occurrence  of  changes  in  these  tissues  in  the  guinea  pigs  that  he  subjected 
to  experimental  alcoholism. 

Weichselbaum  and  Kyrle**  (1912)  have  furnished  one  of  the  best  contributions 
to  this  subject,  having  carefully  studied  the  testicles  of  67  habitual  alcoholics. 
They  entirely    support    Simmonds'  and  Bertholet's  conclusion    that   chronic 

«  Simmonds,  Berl.  klin.  Woch.,  1898,  xxxv,  806. 

^  Bertholet,  E.,  Centr.  allg.  Path.  u.  path.  Anat.,  1909,  xx,  1062. 

«  Fahr,  Verhandl.  deutsch.  path.  Ges.,  1909,  xiii,  162. 

^  Weichselbaum,  A.,  and  Kyrle,  J.,  Siizimgsh.-Ber.  Akad.  Wien.,  1912,  cxxi,  51. 
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alcoholism  constantly  causes  retrogressive  changes  in  the  testicles  independent  of 
senility  or  chronic  diseases,  even  to  the  point  of  complete  loss  of  the  seminal 
epithelium.  Also  they  corroborate  the  observation  that  the  most  marked  changes 
occur  in  the  testicles  in  alcoholism  with  cirrhosis.  They  too  find  that  tuberculosis 
and  cancer  may  produce  similar  changes,  usually  of  mild  degree,  but  alcoholism 
of  itself  produces  marked  changes  without  the  coexistence  of  any  other  disease. 
Their  paper  contains  a  detailed  description  of  the  histological  changes  observed. 

Because  of  the  repeated  observation  that  alcoholics  with  cirrhosis  show  especi- 
ally marked  changes  in  the  testicles,  Schopper^''  investigated  the  effect  of  liver 
injury  on  the  testicles.  He  found  that  animals  (rabbits,  dogs,  and  rats)  from  which 
a  large  portion  of  the  liver  had  been  removed,  or  in  which  the  liver  had  been 
injured  by  exposure  to  Roentgen  rays,  exhibited  marked  changes  in  the  testicles. 
These  changes  consisted  in  a  cessation  of  spermatogenesis,  transudation  into  the 
interstitial  tissue,  desquamation  of  the  epithelial  cells  with  formation  of  multi- 
nucleated cells,  and  even  complete  loss  of  the  epithelium  with  increase  in  the 
interstitial  cells. 

In  connection  with  his  studies  on  the  effect  of  parental  alcoholism  on  the 
development  of  the  offspring,  Stockard^^  stated  that  guinea  pigs  given  alcohol 
for  as  long  as  19  months  by  inhalation,  and  therefore  in  unknown  quantity, 
were  still  good  breeders,  and  when  killed  showed  no  changes  in  the  testicles. 
Ovaries  of  females  similarly  treated  also  showed  no  recognizable  structural  changes. 
On  the  other  hand,  Riddle  and  Basset^^  found  that  doves  and  pigeons  made  to 
inhale  alcohol  1  to  2  hours  daily  for  a  few  weeks  produced  eggs  with  yolks  smaller 
than  those  in  the  eggs  laid  before  the  alcoholism.  In  general,  however,  the  possible 
anatomical  changes  in  the  ovaries  seem  not  to  have  been  considered  by  pathol- 
ogists, and  the  only  mention  we  can  find  of  this  topic  is  contained  in  the  review 
of  Forel,^^  who  says,  "more  recently  Bertholet  has  also  demonstrated  atrophy  of 
the  ovaries  and  ova  of  an  alcoholic  woman,"  but  no  reference  is  given  and  we  have 
been  unable  to  locate  this  statement  in  Bertholet's  writings. 

The  only  investigation  of  the  influence  of  experimental  alcoholism  on  the  testi- 
cles of  animals  that  we  can  find,  beyond  Stockard's  negative  results,  is  described 
by  Bomn  and  Garnier,^*  and  unfortunately  this  report  concerns  only  an  isolated 
observation.  It  is  stated  by  these  authors  that  in  the  course  of  experiments 
on  the  effect  of  chronic  alcoholism  on  the  white  rat,  marked  alterations  were 
observed  in  the  testicles  of  two  animals  that  had  been  fed  alcohol  for  8  and  11 
months  respectively.    No  mention  is  made  of  how  many  animals  were  studied  in 

1°  Schopper,  K.  J.,  Frankfurter  Z.  Path.,  1911,  viii,  169. 

"Stockard,  C.  R.,  Arch.  Int.  Med.,  1912,  x,  374;  Arch.  Entwcklngsmechn. 
Organ.,  1912-13, xxxv, 3.  Stockaid,C.R., and  Papanicolaou,  G.,  Am. Naturalist, 
1916,  i,  65. 

12  Riddle,  O.,  and  Basset,  G.  C.,  Am.  J.  Physiol.,  1916,  xli,  425. 

13  Forel,  A.,  Munch,  med.  Woch.,  1911,  Iviii,  2596. 

^*  Bouin,  P.,  and  Garnier,  C.,  Compt.  rend.  Soc.  biol.,  1900,  Hi,  23. 
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all,  or  whether  the  other  animals  showed  any  changes  in  the  testicles.  In 
these  two  animals  there  was  marked  atrophy  of  the  seminal  tubules,  often  with 
almost  complete  disappearance  of  the  germinal  epithelium,  and  in  none  was  the 
epithelium  normal.  Between  the  tubules  was  found  an  accumulation  of  lymph, 
but  no  fibrosis  or  arteriosclerosis.  In  the  lumen  of  the  tubules  few  spermatozoa 
were  found,  but  there  was  much  desquamation  of  the  epithelium,  and  often  fusion 
of  the  cells  into  masses.  Pyknosis  and  karyolysis  were  common,  and  the  Sertoli 
cells  often  showed  amitotic  division.  Before  degenerating  completely  the  germinal 
cells  pass  through  various  stages  of  altered  vitality,  which,  the  authors  suggest, 
explains  the  frequency  of  abnormalities  in  the  offspring  of  alcoholics.  We  can- 
not find  that  these  authors  have  published  elsewhere  further  details  of  their 
investigations  in  this  field. 

General  Physical  Changes  Due  to  Alcohol. 

In  a  series  of  rats  fed  alcohol  for  varying  periods  of  time  to  de- 
termine the  effect  of  alcohol  on  the  psychology  of  their  offspring, 
an  opportunity  was  given  to  observe  the  effect  of  chronic  alcoholism 
on  these  animals.'^  Altogether  we  examined  15  male  rats  thus 
treated,  6  male  rats  of  the  second  generation  derived  from  them,  18 
male  rats  of  the  third  generation,  and  8  male  rats  of  the  fourth  genera- 
tion. Approximately  the  same  number  of  females  was  also  studied. 
From  each  animal,  with  a  few  exceptions,  the  following  organs  were 
studied:  lung,  liver,  kidney,  spleen,  stomach,  heart,  and  sex  glands. 
The  animals  were  all  killed,  while  in  apparent  health,  with  illuminat- 
ing gas.  They  were  all  of  about  the  same  age,  6  to  9  months,  except 
in  the  case  of  the  rats  fed  0.5  cc.  for  10  months;  these  rats  were  13 
months  old.  All  had  been  fed  and  cared  for  under  identical  con- 
ditions except  for  the  administration  of  alcohol  admixed  with  the 
food  in  quantities  of  from  0.25  cc.  to  2.25  cc.  per  day,  for  periods 
varying  from  2  to  10  months.  The  effect  of  the  alcohol  on  the  rats 
receiving  it  was,  except  for  those  fed  for  very  long  periods,  to  lessen 
learning  capacity  in  almost  direct  proportion  to  the  amount  of  the 
dose  and  the  duration  of  the  period  during  which  it  was  administered. 

The  effect  on  body  weight  was  also  marked.  Animals  receiving  2.25 
cc.  per  diem  rate  either  gained  weight  far  more  slowly  than  the  normal 
animals,  or,  as  in  some  instances,  actually  lost  weight  though  in  the 

'*  The  results  of  the  psychological  study  will  be  published  shortly  in  Psychol. 
Monog.  Suppl. 
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growing  period.  As  for  the  offspring,  the  observed  physical  effects 
were,  in  the  case  of  the  offspring  of  rats  receiving  0.5  cc,  a  decrease  in 
size  and  lessened  fertility.  This  was  accompanied  by  a  marked 
decrease  in  learning  capacity.  The  offspring  of  animals  receiving 
0.25  cc.  showed  no  marked  physical  changes  and  were,  as  to  intelligent 
behavior,  generally  on  a  par  with,  if  not  actually  superior  to,  the 
offspring  of  normal  animals. 

The  microscopic  changes  in  all  structures  except  the  sex  glands 
may  be  summarized  briefly.  Nearly  all  showed  more  or  less  pul- 
monary infection  of  the  type  common  in  rats,  consisting  in  the 
less  advanced  stages  of  a  chronic  bronchitis  with  much  cellular  in- 
filtration and  hyperplasia  of  the  bronchial  walls.  Many  showed 
extension  of  the  process  to  the  adjacent  alveoli  with  a  frank  muco- 
purulent bronchopneumonia.  The  degree  of  this  change  seemed  to 
have  little  effect  on  the"  conditions  in  the  other  organs,  and  bore  no 
relation  whatever  to  the  changes  observed  in  the  sex  glands. 

In  the  liver  there  were  often  varying  degrees  of  hydropic  vacuohza- 
tion  of  cells,  this  condition  occurring  in  about  half  the  specimens. 
Focal  necrosis  was  found  in  about  one-fourth,  severe  in  but  a  few. 
These  changes  bore  no  reference  to  the  severity  of  the  lung  infection 
or  to  whether  alcohol  had  been  administered,  as  shown  by  tabulation 
and  comparison  of  the  results.  Occasionally  a  slight  periportal  round 
cell  infiltration  was  found,  but  this  also  was  independent  of  other 
conditions.  Even  in  the  rats  that  received  large  quantities  of  al- 
cohol for  some  months,  the  livers  showed  no  more  change  than  in  the 
others.     There  was  notliing  found  at  all  resembhng  cirrhosis. 

The  kidneys  showed  commonly  a  sHght  degree  of  vacuoHzation 
of  the  tubular  epithelium,  which  was  possibly  slightly  more  general 
in  the  alcohol  animals  than  in  the  others.  Two  animals  in  which 
the  kidneys  showed  sHght  formation  of  granular  casts  had  received 
much  alcohol.  That  the  alcohol  was  the  cause  of  the  renal  changes 
is  probable,  especially  in  view  of  the  great  amount  of  cast  formation 
commonly  observed  in  the  urine  of  patients  with  acute  alcohohsm, 
but  this  is  by  no  means  certain. 

In  the  stomachs  of  a  few  of  the  rats  receiving  alcohol  there  seemed 
to  be  slightly  more  round  cells  in  the  mucosa  and  submucosa  than 
normally,  but  the  changes  were  not  marked  enough  to  be  considered  as 


774 


EFFECT   OF   ALCOHOL   ON   REPRODUCTIVE   TISSUES 


distinctly  inflammatory.  In  two  of  the  alcoholized  rats  the  gastric 
glands  showed  more  mucus  content  than  was  seen  in  any  of  the  other 
animals,  and  hence  this  change  may  be  ascribable  to  the  alcohol.' 
The  slight  effect  of  the  alcohol  on  the  stomach  of  the  rats  corresponds 
to  the  relatively  normal  condition  of  the  gastric  mucosa  of  human 
alcoholics  observed  by  Hirsch.^^ 

The  heart,  spleen,  and  adrenals  usually  showed  no  changes,  and  in 
no  instance  changes  that  occurred  in  the  alcoholized  rats  and  not  in 
the  others. 

Pathological  Changes  in  the  Reproductive  Tissues. 

Only  the  testicles  showed  definite  changes,  but  here  the  effects 
were  so  marked,  and  so  nearly  constant,  that  they  stand  out  con- 
spicuously as  the  result  of  the  alcohol  feeding.  Of  the  fifteen  male 
rats  treated  with  alcohol,  the  testicles  of  not  more  than  two  or  three 
failed  to  show  noteworthy  changes,  and  only  one  could  be  called 
normal.  Several  different  types  of  changes  were  observed,  and  one 
that  attracted  attention  at  once  was  an  apparent  decrease  in  the 
size  of  the  seminiferous  tubules,  and  in  several  instances  a  distinct 
decrease  in  the  size  of  the  testicle  itself.  Measurements  were  made 
of  the  tubules  in  the  testicles  from  thirty-seven  rats,  twenty-five 
tubules  being  measured  from  each  testicle  to  secure  adequate  rep- 
resentation, and  then  the  average  diameter  was  calculated.'''  The 
results  of  measurements  in  the  several  groups  are  given  in  Table  I. 

TABLE   I. 


No.  of  animals. 


6,  2nd  generation  rats 

18,  3rd 

8,  4th 

15,  alcoholized  rats. . . 


Minimum 
diameter. 

Maximum 
diameter. 

16.00* 

19.16 

is.ost 

22.60 

15.56 

18.32 

10.00 

18.24 

Average 
diameter. 


17.26 
17.50 
17.08 
14.65 


*  The  measurements  as  recorded  are  the  number  of  ocular  micrometer  spaces, 
not  translated  into  microns.    Each  ocular  micrometer  space  =  0.0155  mm. 

t  One  very  abnormal  testicle  in  this  series,  measuring  but  12.12,  is  not  included. 

'•  Hirsch,  E.  P.,  Arch.  Int.  Med.,  1916,  xvii,  354. 

"  For  these  measurements  we  are  indebted  to  Miss  C.  L.  Chapin. 
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These  measurements  show  at  once  that  there  is  a  distinct  decrease 
in  the  size  of  the  seminal  tubules  of  the  rats  that  had  received  alcohol, 
although  in  a  few  rats  this  change  is  not  present.  However,  as  Table 
II  shows,  but  two  of  the  fifteen  rats  that  received  alcohol  had  as 
large  tubules  as  the  average  seminal  tubules  of  their  descendants 
that  had  not  received  alcohol.  It  also  shows  that  the  decrease  in 
size  does  not  vary  directly  with  the  amount  of  alcohol  the  rat  had 
received.  The  tubules  of  normal  rats  of  other  strains  corresponded  in 
size  to  the  tubules  of  the  second,  third,  and  fourth  generation  rats. 

TABLE  II. 


Rat 
No. 

Daily 
dose. 

Time. 

Diam- 
eter of 
tubules. 

cc- 

mos 

1 

0.25 

2 

13.40 

2 

0.25 

2 

15.04 

3 

0.25 

4 

13.68 

4 

0.5 

3 

17.12 

5 

0:5 

3 

16.16 

6 

0.5 

3 

18.24 

7 

0.5 

10 

11.32 

8 

0.5 

10 

16.76 

9 

2.0 

6 

14.32 

10 

2.0 

6 

14.16 

11 

2.25 

3 

10.00 

12 

2.25 

3 

13.56 

13 

2.25 

6 

15.84 

14 

2.25 

6 

13.88 

15 

2.25 

6 

16.24 

Histological  changes  summarized. 


Many  defective  spermatozoa;  number  decreased. 

Spermatozoa  decreased. 

Few  spermatozoa;  mostly  defective. 

Nearly  normal. 

A  few  inactive  tubules;  mostly  normal. 
<(    «        «  i(  ((  (( 

Marked  atrophy  with  intertubular  edema;  almost  no  sper- 
matozoa, and  these  defective. 

Much  intertubular  edema;  most  of  tubules  nearly  normal, 
but  number  of  spermatozoa  decreased. 

Very  few  spermatozoa;  much  desquamation. 

Much  desquamation  and  degeneration  of  epithelium;  small 
number  of  spermatozoa. 

No  spermatozoa;  great  desquamation  and  degeneration  of 
epithelium. 

Only  one-third  to  one-half  the  tubules  contain  spermatozoa, 
and  few  of  these  are  normal. 

Some  edema;  spermatogenesis  much  reduced. 

Much  atrophy  and  edema;  spermatogenesis  about  50  per 
cent  of  normal. 

About  three-fourths  of  the  tubules  nearly  normal. 


From  Table  II  it  will  be  seen  that  the  least  changes  were  found 
in  the  three  rats  (Nos.  4,  5,  and  6)  that  received  0.5  cc.  of  alcohol 
for  3  months,  while  much  more  marked  changes  occurred  in  the  three 
animals  that  received  but  0.25  cc.  of  alcohol.  Also,  three  of  the  rats 
that  received  the  relatively  enormous  dosage  of  2.25  cc.  per  day  for 
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6  months,  which  would  be  equivalent  to  a  man's  taking  over  2  quarts 
of  whisky  daily  for  a  large  part  of  his  life,  showed  less  change  in  the 
testicles  than  some  of  the  rats  that  received  somewhat  less  alcohol. 

The  changes  produced  by  alcohol  seem  to  take  place  in  definite  order. 
At  first  the  spermatocytes  seem  to  be  normal  in  number  and  appear- 
ance, but  there  is  soon  an  increase  in  the  number  of  spermatids  in 
the  tubules  with  a  decrease  in  the  number  of  spermatozoa  (see  Fig. 
1,  showing  a  normal  testicle,  and  Figs.  2  and  3,  showing  the  testi- 
cles of  rats  which  received  2  cc.  and  2.5  cc.  respectively).  At  the 
same  time,  or  earlier,  there  is  observed  a  greater  diminution  in  the 
number  of  complete  spermatozoa  with  tails  than  in  the  number  of 
sperm  heads-  Not  all  the  tubules  in  the  testicles  show  the  same 
degree  of  change,  except  in  the  most  advanced  cases  (Fig.  4).  In  the 
more  moderately  affected  testicles  one  finds  some  tubules  nearly  or 
quite  normal,  while  others  show  merely  a  few  active  spermatocytes 
with  the  lumen  packed  with  spermatids  without  spermatozoa  or  even 
spermatozoa  heads  (Fig.  5).  Apparently  the  first  effect  of  the 
alcohol  is  to  render  the  formation  of  spermatozoa  incomplete,  so 
that  the  heads  are  formed  without  normal  tails.  In  accordance 
with  this,  in  one  of  these  testicles  we  usually  find  the  number  of 
spermatozoa  in  the  tubules  of  the  epididymis  much  less  than 
normal,  and  less  in  proportion  than  the  number  of  spermatozoa 
seen  in  the  seminiferous  tubules,  suggesting  that  the  latter  are  too 
imperfect  to  migrate  to  the  epididymis.  The  next  effect  of  the  alcohol 
seems  to  be  to  prevent  the  transformation  of  the  spermatids  into 
spermatozoa,  whereby  the  tubules  become  filled  with  accumulated 
spermatids,  with  but  a  few  spermatozoa  or  none  at  all.  These 
spermatids  then  undergo  a  process  of  degeneration,  so  that  they 
lose  their  nuclear  stain  and  become  granular.  In  the  most  advanced 
stages  the  tubules  contain  but  the  marginal  cells,  with  few  or  no 
spermatocytes  or  spermatids  (Fig.  6).  Occasionally  in  the  lumen 
of  tubules  showing  advanced  degeneration  are  found  large  cells 
with  many  nuclei  or  chromatin  masses. 

The  degree  of  atrophy  does  not  exactly  parallel  the  decrease  in 
functional  activity,  but  usually  the  diameter  of  the  tubules  corre- 
sponds somewhat  with  the  loss  of  function.  When  the  tubules  are 
atrophied  there  is  commonly  some  compensatory  accumulation  of 
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serous  fluid  in  the  interlobular  spaces,  an  edema  ex  vacuo  (Fig.  4). 
In  no  instance  have  inflammatory  changes  been  seen,  and  no  marked 
fibrosis,  although  in  some  instances  there  has  been  an  apparent 
slight  increase  in  the  thickness  of  the  basement  membrane  of  the 
tubules.  We  have  noted  no  'definite  multiplication  or  other  changes 
in  the  interstitial  cells  of  Leydig,  although  when  the  tubules  shrink 
apart  these  cells  become  more  evident.  No  arterial  changes  were 
observed. 

The  epididymis  generally  reflects,  in  the  number  of  spermatozoa 
it  contains,  the  degree  of  functional  impairment  of  the  testicle  (Figs. 
7  and  8).  In  two  of  the  rats  there  was  also  noteworthy  desquama- 
tion of  the  epithelial  lining  of  the  ducts.  Other  changes  were  not 
observed  in  the  epididymis. 

Although  the  ovaries  of  the  alcoholized  females,  and  of  the  off- 
spring of  alcoholized  parents,  were  examined  in  considerable  numbers, 
it  is  not  possible  to  make  any  positive  statement  as  to  the  effect  of 
alcohol  on  this  organ.  The  changes  of  ovulation,  pregnancy,  and 
corpus  luteum  formation  produce  such  great  structural  alterations  in 
the  ovary  that  we  were  unable  to  determine  satisfactorily  what 
changes  were  caused  by  the  alcohol.  There  were  two  distinctly 
atrophic  ovaries  found  in  females  that  had  had  alcohol,  and  in  several 
alcoholic  females  the  ovaries  were  poor  in  ova  in  the  sections  examined. 

Without  study  of  serial  sections  of  every  ovary  no  conclusions  of 
value  could  be  reached  from  the  material,  and  we  were  unable  to 
undertake  this  task. 

SUMMARY. 

Administration  of  alcohol  in  the  food  of  male  white  rats  for  2  or 
more  months,  in  daily  quantities  of  0.25  to  2.25  cc,  results  almost 
constantly  in  the  appearance  of  marked  degenerative  alterations  in 
the  testicles.  These  changes  affect  the  steps  of  spermatogenesis  in 
inverse  order  to  their  occurrence,  so  that  for  some  time  before  sterility 
and  complete  aspermia  result,  the  animal  is  producing  spermatozoa 
with  all  possible  degrees  of  abnormality  and  deficiency.  The  possible 
relation  of  this  abnormal  spermatogenesis  to  the  production  of  de- 
fective offspring  is  obvious.  Individual  rats  show  marked  differences 
in  the  degree  of  change  produced  by  equal  amounts  of  alcohol.     The 
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fibrous,  interstitial,  and  vascular  elements  of  the  testicle  arc  not 
affected,  except  for  intertubular  edema  compensating  for  tubular 
atrophy.  These  experimental  observations  harmonize  with  the  ne- 
cropsy findings  in  human  alcoholics.  No  other  tissue  was  found  to 
be  noticeably  affected  by  the  alcohol;  especially  to  be  remarked  is 
the  absence  of  cirrhosis  or  fatty  infiltration  in  the  liver. 

EXPLANATION  OF  PLATES. 

Plate  57. 

Fig.  1.  Normal  testicle  of  a  rat.     X  58. 

Fig.  2.  Testicle  of  a  rat  which  had  received  2  cc.  of  alcohol  daily  for  6  months. 
Marked  loss  of  germinative  epithelium  and  absence  of  spermatogenesis  are  shown, 
without  much  decrease  in  size.  Many  tubules  in  this  testicle  also  show 
spermatogenesis.     X  58. 

Plate  58. 

Fig.  3.  Testicle  of  a  rat  which  had  received  2.25  cc.  of  alcohol  daily  for  3 
months.  Marked  atrophy  of  the  cellular  content,  decrease  in  size  of  the  tubules 
as  a  whole,  and  complete  absence  of  spermatogenesis  are  shown.     X  58. 

See  higher  power  of  the  same  in  Fig.  6. 

Fig.  4.  Testicle  of  a  rat  which  had  received  0.5  cc.  of  alcohol  daily  for  10 
months.     Marked  decrease  in  size  of  the  tubules  with  intertubular  edema.     X  58. 

Plate  59. 

Fig.  5.  Tubule  of  a  rat  which  had  received  0.25  cc.  of  alcohol  daily,  showing 
absence  of  spermatozoa  and  accumulation  of  spermatids.  This  is  one  of  the  early 
stages  of  the  degeneration  of  the  testicular  tubules.     X  309. 

Fig.  6.  Higher  power  of  Fig.  3.  Later  stage  of  degeneration.  The  tubules 
contain  no  spermatozoa  or  spermatids,  and  almost  no  spermatocytes.     X  309. 

Plate  60. 

Fig.  7.  Normal  epididymis  of  a  rat.    Tubules  filled  with  spermatozoa.     X  58. 
Fig.  8.  Epididymis  of  a  rat  which  had  received  2  cc.  of  alcohol  for  6  months, 
showing  great  atrophy  and  no  normal  spermatozoa.     X  58. 
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THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVI. 


PLATE  59. 


,^^V 


Fig.  5. 
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MENINGITIS  IN  AN  INFANT  DUE  TO  A  HITHERTO 

UNDESCRIBED  ORGANISM,  MICROCOCCUS 

FLORENS. 

By  WILBURT  C.  DAVISON,  M.D.,  ATALA  S.  DAVISON,  and  MILO  K. 

MILLER,  M.D. 

{From  the  Department  of  Pediatrics  and  the  Department  of  Pathology  of  the  Johns 
Hopkins  University,  Baltimore.) 

Plate  61. 

(Received  for  publication,  August  1,  1917.) 

The  clinical  and  bacteriological  observations  which  we  wish  to 
record  were  made  upon  a  case  of  meningitis  which  was  admitted  to 
the  Harriet  Lane  Home  of  the  Johns  Hopkins  Hospital.  The  clinical 
history  was  as  follows: 

H.  S.,  age  6  months  (Text-fig.  1).  Dec.  15,  1916,  8  p.m.  Admitted  to  the 
Harriet  Lane  Home  in  convulsions  which  had  been  continuous  since  6  p.m. 
He  had  been  treated  in  the  dispensary  for  the  preceding  3  weeks  for  otitis  media. 
The  temperature  had  been  between  100.8°  and  101.8°  F.  at  each  visit.  Pus 
had  been  obtained  from  both  ears  by  myringotomy. 

The  convidsions  began  suddenly  on  the  day  of  admission.  The  child  had 
vomited  all  of  his  feedings,  was  feverish,  and  looked  very  ill.  On  admission  to 
the  hospital  he  was  found  to  be  well  developed  and  well  nourished.  He  was 
having  general  convulsions,  most  marked  in  the  left  arm  and  leg.  The  eyes 
were  fixed,  staring,  and  deviated  to  the  left.  The  convulsions  were  promptly 
controlled  by  sedatives.  The  physical  examination  was  negative  except  for  the 
double  otitis  media.  The  temperature  was  102.4°F.  There  was  no  stiffness  of 
the  neck,  no  hyperesthesia,  and  Kernig's  sign  was  negative.  A  lumbar  punc- 
ture was  done  and  a  purulent  fluid  under  increased  tension  obtained.  The 
cells  in  the  fluid  were  composed  in  large  part  of  poljonorphonuclear  leukocytes 
with  a  few  lymphocytes  and  several  rather  conspicuous,  large  mononuclear 
phagocytic  cells.  These  became  more  numerous  later  in  the  disease.  No  or- 
ganisms were  demonstrable  either  in  cultures  or  films.  At  the  time  of  puncture, 
15  cc.  of  the  antimeningococcus  serum  of  the  Department  of  Health  of  the  City 
of  New  York  were  given  intraspinally.  On  the  morning  following  admission  the 
temperature  had  fallen  to  100.3°F.,  but  the  child  displayed  frank  evidences  of 
meningitis,  marked  opisthotonus,  painful  rigidity  of  the  neck,  painful  flexion 
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of  the  spine,  positive  Kernig  sign,  tache  cerebrale,  and  marked  hyperesthesia. 
The  fontanelle  was  not  bulging. 

Because  of  the  purulent  Huid  active  serum  therapy  was  continued  twice  daily 
in  spite  of  the  constant  absence  of  organisms  in  fitlms  and  cultures. 

Dec.  18,  3rd  day  after  admission.  No  residual  signs  of  meningitis  except 
slight  cervical  rigidity.     The  spinal  fluid  was  clear  and  no  serum  was  given. 

Dec.  21,  7th  day  of  the  disease.  The  temperature  rose  to  102.5°  F.  and  the 
child  was  irritable.  The  lluid  was  cloudy  but  no  organisms  could  be  demon- 
strated.    Serum  was  again  given  and  repeated  on  the  following  day. 

The  thirteenth  puncture  on  the  13th  day  of  the  disease  yielded  fluid  which 
was  only  slightly  turbid.  4  days  later,  Dec.  31,  it  was  perfectly  clear  with  but 
80  cells  per  c.mm. 

Dec.  26-Jan.  3,  1917.  Temperature  normal;  the  patient  seemed  perfectly 
well. 

Jan.  3,  20th  day  of  the  disease.  There  was  a  rise  of  temperature  to  101.5°  F., 
the  child  vomited  in  a  projectile  manner,  became  very  irritable,  and  the  neck 
again  became  stiff  and  retracted.  The  spinal  fluid  was  cloudy  and  12  cc.  more  of 
serum  were  given. 

Jan.  6.  The  temperature  again  became  normal  and  remained  so  for  the  5 
following  days.  The  one  lumbar  puncture  (No.  17)  done  during  this  time 
yielded  almost  clear  fluid  which  contained  500  cells  per  c.mm.,  but  no  demon- 
strable organisms. 

On  the  29th  day  of  the  disease  there  was  an  abrupt  rise  of  temperature  to 
102. 8°F.  and  the  child  displayed  again  all  the  acute  signs  of  meningitis.  The 
eighteenth  lumbar  puncture  gave  very  cloudy  fluid  in  which,  for  the  first  time, 
organisms  were  demonstrable  in  great  abundance  both  in  films  and  cultures. 
They  were  Gram-negative  intra-  and  extracellular  diplococci,  many  of  them 
arranged  in  groups  of  twos  and  threes.  Serum  was  given  then  and  for  the  5 
following  days. 

The  fluid  continued  to  be  quite  purulent,  often  as  much  as  1  cc.  of  pus  settled 
in  the  bottom  of  a  6  cc.  tube.  Organisms  continued  to  be  present  in  the  greatest 
abundance. 

Jan.  14,  31st  day.  A  ventricular  puncture  was  done  because  it  was  impos- 
sible to  withdraw  the  thick  purulent  material  from  the  lumbar  spine.  Purulent 
fluid  containing  many  organisms  w-as  obtained.  Serum  was  given  by  the  same 
route  then  and  for  the  2  days  following. 

Jan.  18.  A  Gram-negative  diplococcus,  identical  with  that  found  in  the 
spinal  fluid,  was  isolated  from  the  blood  stream. 

The  child's  condition  gradually  became  worse.  He  was  stuporous,  lying  in  a 
position  of  marked  opisthotonus  (Figs.  1  and  2).  He  paid  no  attention  to  his  sur- 
roundings, but  the  fundi  presented  a  normal  appearance.  The  child  was  extremely 
hyperesthetic.  His  neck  was  very  rigid,  the  extremities  were  quite  spastic,  and  re- 
flexes hyperactive.  The  fingers  were  tightly  flexed  at  the  wrist.  It  was  neces- 
sar>'  to  pad  the  palms  to  prevent  the  finger  nails  from  cutting  into  the  palms. 
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Although  food  was  well  taken  there  were  frequent  attacks  of  projectile  vomit- 
ing.   There  were  no  convulsions. 

The  opisthotonus  increased  until  the  soles  of  the  feet  almost  touched  the 
occiput.  Fluid  from  the  ventricle  and  lumbar  spine  3  days  before  death  was 
purulent  and  full  of  organisms. 

Jan.  28,  45th  day  of  the  disease.  The  child  died  after  the  temperature  had 
risen  to  105.8°  F.     Autopsy  was  denied. 

The  bacteriology  of  the  Gram-negative  micrococcus  repeatedly 
isolated  from  the  spinal  fluid  of  this  case  is  of  especial  interest,  in- 
asmuch as  the  reactions  of  this  organism  do  not  correspond  with  those 
heretofore  described  by  Weichselbaum  and  Ghon,^  Jaeger,-  Gordon,^ 
Dopter  and  Pauron,*  von  Lingelsheim  and  Leuchs,*  Shennan  and 
Ritchie,^  Elser  and  Huntoon,^  and  other  investigators.^  Because 
of  its  luxuriant  growth  on  all  media  tested,  we  have  tentatively 
called  this  organism  Micrococcus  florens. 

As  appears  from  Table  I,  this  organism  was  isolated  from  four 
lumbar  punctures,  four  ventricular  punctures,  and  one  blood  culture. 
Three  of  these  cultures  were  studied  extensively;  namely,  one  from 
the  lumbar  puncture  on  January  15,  1917,  13  days  before  death; 
one  from  the  ventricular  puncture  on  January  25,  3  days  before 

'Weichselbaum,  A.,  Fortschr.  Med.,  1887,  v,  573;  Wein.  klin.  Woch.,  1905, 
xviii,  992.     Weichselbaum,  A.,  and  Ghon,  A.,  Wien.  klin.  Woch.,  1905,  xviii,  625. 

-Jaeger,  H.,  Z.  Hyg.  u.  Infectianskrankh.,  1895,  xix,  351;  Die  Cerebrospinal- 
meningitis  als  Heeresseuche,  Berlin,  1901;  Z.  Hyg.  u.  Infectionskrankh.,  1903, 
xUv,  225. 

^  Gordon,  Great  Britain  National  Health  Insurance,  Medical  Research  Com- 
mission, Special  Report  Series,  No.  3,  London,  1915-16. 

"  Dopter,  C,  Compt.  rend.  Soc.  biol.,  1910,  kix,  546,  600;  Paris  med.,  1911-12, 
ii,  211,  461.     Dopter  and  Pauron,  Comp.  rend.  Soc.  biol.,  1914,  Ixxvii,  157,  231. 

^  von  Lingelsheim,  W.,  Klin.  Jahrh.,  1906,  xv,  373;  Z.  Hyg.  u.  Infections- 
krankh., 1908,  lix,  457.  von  Lingelsheim  and  Leuchs,  Klin.  Jahrh.,  1906,  xv, 
489. 

« Shennan,  T.,  and  Ritchie,  W.  T..  J.  Path,  and  BacterioL,  1908,  xii,  456. 

^  Elser,  W.  J.,  and  Huntoon,  F.  ]\I.,  /.  Med.  Research,  1909,  xx,  371. 

^\rkwright,  J.  A.,  /.  Hyg.,  1907,  vii,  145;  Brit.  Med.  J.,  1915,  i,  494;  Proc. 
Roy.  Soc.  Med.,  1914-15,  viii.  Sect,  epidemiol.  and  state  med.,  69.  Flexner, 
S.,  J.  Exp.  Med.,  1907,  ix,  142;  Med.  Rec,  1915,  Ixxxvii,  137.  Wollstein,  M., 
/.  Exp.  Med.,  1907,  ix,  588.  Du  Bois,  P.  L.,  and  Neal,  J.  B.,  Am.  J.  Dis.  Child., 
1915,  ix,  1 ;  /.  Immimol.,  1916,  i,  307.  Robinson,  G.  H.,  /.  Immunol.  1917,  ii,  451 
(also  in  J.  Am.  Med.  Assn.,  1917,  Ixviii,  1660). 
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death;  and  the  third  obtained  from  a  ventricular  puncture  made 
January  28,  5  hours  after  death.  All  the  reactions  of  the  Gram- 
negative  micrococci  obtained  from  these  three  punctures  were  con- 
stant. In  the  last  puncture,  in  addition  to  this  Gram-negative 
micrococcus,  a  Gram-positive  coccus  which  subsequently  proved  to 
be  Staphylococcus  alhus  was  obtained.  Both  the  Gram-negative 
and  Gram-positive  cocci  were  found  intra-  and  extracellular  in  the 
postmortem  ventricular  fluid. 

Morphologically  this  organism  is  somewhat  larger  than  the  Diplo- 
coccus  intracellularis  meningitidis  of  Weichselbaum,  although  small 
forms  were  found  in  many  of  the  cultures.  It  occurs  chiefly  as  a 
diplococcus,  although  after  subcultures  single  cocci,  tetrads,  and 
often  larger  groups  of  many  cocci  were  found.  No  chains  were 
demonstrable.  In  films  the  arrangement  often  resembled  that  of 
staphylococci. 

Growth  was  luxuriant  on  the  surface  of  2  per  cent  agar,  serum 
agar,  blood  agar,  dextrose  and  other  carbohydrate  agars,  hydrocele 
agar,  and  gelatin,  and  in  beef  broth  and  peptone  water.  On  gelatin 
no  growth  occurred  along  the  stab;  the  growth  on  the  surface  was 
luxuriant.  No  liquefaction  was  produced.  No  growth  could  be  ob- 
tained beneath  the  surface  of  solid  media.  Growth  on  the  various 
media  was  also  luxuriant  at  room  temperature.  Agar  cultures  re- 
mained alive  for  more  than  48  days. 

Single  colonies  on  agar  plates  at  the  end  of  16  hours  were  round  and 
moist,  with  a  smooth  and  uniformly  elevated  surface,  and  measured 
1.5  mm.  in  diameter.  They  were  grayish  white  in  color.  At  the 
end  of  4  or  5  days  they  became  a  dirty  grayish  brown. 

Table  II  shows  the  fermentation  reactions  of  this  organism  {Micro- 
coccus fl  or  ens),  Bacillus  typhosus,  Micrococcus  catarrhalis,  and  Bacillus 
fffcalis  alkaligenes  grown  on  media  from  the  same  batch.  The  re- 
actions were  constant  on  all  the  media  used;  namely,  beef  broth, 
peptone  water,  and  2  per  cent  agar,  containing  1  per  cent  of  the  various 
carbohydrates  and  0.1  per  cent  of  Andrade's  indicator. ^ 

Micrococcus  florens  did  not  produce  gas  in  any  media,  but  formed 
acid  in  arabinose,  dextrose,  and  galactose.  In  the  agar  slant  cultures 
no  growth  occurred  below  the  surface. 

'.\ndrade,  E.,  /.  Med.  Research,  1905-06,  xiv,  551. 
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Text-Fig.  1.     Temperature  chart  showing  the  relations  of  thelumbar  and  ventricular  puncture  ,  the  character  and  bacterial  content  of  the  fluid  obtained,  of  the  blood  cuUure,  and  of  the  serum  therapy  ti  the  temperature  curve. 
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The  reactions  of  Micrococcus  florens  with  dextrose  and  arabinose 
on  soHd  media  were  shghtly  less  marked  than  in  the  fluid  media, 
but  that  for  galactose  was  equally  well  marked  on  solid  and  in  fluid 
media. 

The  media  were  made  and  sterilized  in  the  following  way:  Beef 
broth,  peptone  water,  and  2  per  cent  agar  were  made  according  to 
the  directions  recommended  by  Hiss  and  Zinsser.^"  To  each  of  the 
different  series  1  per  cent  of  one  of  the  thirteen  carbohydrates  was 
added.  Merck's  pure  carbohydrates  were  used  in  these  tests.  Aix- 
drade's  indicator  was  then  added  up  to  0.1  per  cent.  A  small  amount 
of  this  mixture  was  measured  into  a  tube,  warmed,  and  the  reaction 
was  made  neutral  with  normal  sodium  hydroxide;  i.e.,  just  pink 
while  hot.  The  amount  of  normal  sodium  hydroxide  calculated  to 
make  the  total  volume  of  each  series  neutral  was  then  added  to  each 
lot  and  the  different  series  were  tubed.  The  media  were  colorless 
when  cool. 

They  were  sterilized  by  placing  them  in  an  Arnold  sterilizer  which 
had  first  been  heated  to  100°C.  The  tubes  were  sterilized  at  this  tem- 
perature for  20  minutes  on  3  consecutive  days.  They  were  then 
incubated  for  48  hours  at  37°C.  and  proved  sterile. 

That  this  method  of  manufacture  and  sterilization  of  the  media 
did  not  break  down  the  various  carbohydrates  is  demonstrated  by 
the  fact  that  on  media  of  the  same  batch  Bacillus  typhosus,  Micro- 
coccus catarrhalis,  and  Bacillus  Jcccalis  alkaligenes  gave  their  charac- 
teristic fermentation  reactions. 

Serological  Reactions. 

The  agglutination  method  used  in  these  tests  was  that  introduced 
by  Dreyer^^  in  1904,  with  the  exception  that  instead  of  the  formolized 
standardized  cultures  used  by  Dreyer,  living  24  hour  beef  broth 
cultures  were  employed  except  for  the  normal  and  para  meningo- 
cocci. For  the  normal  and  para  meningococci  a  saline  emulsion  of 
a  24  hour  serum  agar  slant  culture  was  used.     The  reason  for  the 

^°  Hiss,  P.  H.,  and  Zinsser,  H.,  A  text-book  of  bacteriology,  New  York,  3rd 
edition,  1916. 

"  Dreyer,  G.,  J.  Path,  and  BacterioL,  1909,  xiii,  331  (also  Davison,  W.  C, 
/.  Am.  Med.  Assn.,  1916,  Ixvi,  1297;  J.  Lab.  and  Clin.  Med.,  1917,  ii,  607). 
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latter  exception  was  the  diflSculty  of  growing  meningococci  in  beef 
broth. 

The  opacities  of  all  these  cultures,  both  saline  emulsions  and  broth 
cultures,  were  made  approximately  equal,  so  that  the  results  of  these 
tests  may  be  compared  with  each  other. 

All  the  agglutination  tests  were  repeated  several  times  on  different 
days,  and  with  the  exception  of  a  progressive  diminution  in  titer 
of  the  patient's  serum  and  spinal  fluid  due  to  age,  the  results  of  all 
the  tests  were  constant.  Tables  III  to  VII  show  characteristic 
agglutination  tests  made  on  the  same  day. 

Table  III  shows  the  results  of  agglutination  tests  made  with  the 
patient's  serum,  obtained  5  hours  after  death,  and  living  24  hour  beef 

TABLE    III. 


Serum. 

Organism. 

Dilutions  of  serum. 

Control. 

1:25 

1:50 

1:125 

1:250 

Patient's  serum. 
«              (I 

«              « 

M.  florens. 
M.  catarrhalis. 
Normal  meningococcus. 
Para                   " 

T.* 
0 
0 
0 

T. 
0 
0 
0 

Tr. 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 

*  In  the  tables  T.  indicates  total,  or  complete  agglutination,  the  supernatant 
fluid  being  absolutely  clear  and  all  the  bacteria  being  in  the  sediment  at  the  bot- 
tom of  the  tube;  S.,  standard,  or  medium  sized  flocculi  in  the  fluid  without  sedi- 
mentation; and  Tr.,  trace,  or  agglutination  just  visible  to  the  naked  eye. 


broth  cultures  of  Micrococcus  florens  and  catarrhalis,  and  saline 
emulsions  of  normal  and  para  meningococci. ^^  The  patient's  serum 
agglutinated  the  organism  we  have  isolated  and  did  not  affect 
Micrococcus  catarrhalis  or  the  normal  or  para  meningococcus. 

Table  IV  shows  the  results  of  agglutinative  tests  made  with  the 
patient's  ventricular  fluid,  obtained  5  hours  after  death,  and  Micro- 
coccus florens,  Micrococcus  catarrhalis,  and  normal  and  para  meningo- 
cocci. The  results  of  this  test  are  similar  to,  though  with  a  lower 
titer  than  those  obtained  with  the  patient's  serum. 

^^  We  are  indebted  to  Dr.  Harold  L.  Amoss  and  Dr.  Wilson  G.  SmiUie  of 
The  Rockefeller  Institute  for  Medical  Research  for  sending  us  these  cultures  of 
meningococci. 
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Table  V  shows  the  result  of  similar  agglutination  tests  made  with 
the  serum  from  a  rabbit  before  and  after  immunization  with  two  in- 
travenous doses  of  a  saline  emulsion  of  agar  slants  of  Micrococcus 
jiorens.  This  serum,  after  immunization,  only  agglutinated  cultures 
of  Micrococcus  jiorens  and  did  not  affect  either  Micrococcus  catar- 
rhalis,  Staphylococcus  albus,  or  the  normal  or  para  meningococcus. 

Table  VI  shows  the  results  of  agglutination  tests  made  with  the 
polyvalent    antimeningitis    serum    issued    by    the    Department    of 

TABLE    IV. 


Serum. 

Dilutions  of  serum. 

Organism. 

Tr. 

o 

0 

0 

o 

CM 

0 

d 
o 

u 

Patient's  ventricular  fluid. 

M.  Jiorens. 

0 

u                         n                   « 

M.  catarrhalis. 

0 

0 

0 

0 

0 

«                                i(                        u 

Normal  meningococcus. 

0 

0 

0 

0 

0 

c<                      u                 << 

Para                   " 

0 

0 

0 

0 

0 

TABLE    V. 


Serum. 

Organism. 

Dilutions  of  serum. 

2 

o 

^ 

o 

o 

o 

o 

o 
o 

2 

d 

Rabbit  serum 

before  immunization. 

M.  floretis. 

0 

0 

0 

0 

0 

0 

0 

0 

after                " 

M.       " 

T. 

T. 

T. 

T. 

T. 

Tr. 

0 

0 

«                   li 

M.  catarrhalis. 

0 

0 

0 

0 

0 

0 

0 

0 

li                   It 

Normal  meningococcus. 

0 

0 

0 

0 

0 

0 

0 

0 

((                   (( 

Para 

0 

0 

0 

0 

0 

0 

0 

0 

a                          I) 

5.  albus. 

0 

0 

0 

0 

0 

0 

0 

0 

Health  of  the  City  of  New  York  and  Micrococcus  florens,  Micrococcus 
calarrhalis,  and  the  normal  and  para  meningococcus.  This  serum 
agglutinated  only  the  normal  and  para  meningococcus  emulsion  and 
did  not  affect  the  organism  of  our  case  {Micrococcus  jiorens)  or 
Micrococcus  calarrhalis. 

Table  VII  shows  the  result  of  an  agglutination  test  made  with 
The  Rockefeller  Institute  polyvalent  antimeningitis  serum  and 
Micrococcus  jiorens,  Micrococcus  catarrhalis,  and  the  normal  and  para 
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meningococcus.     The  results  in  Table  VIT  are  similar  to   those  in 
Table  VI. 

Table  VIII  shows  the  results  of  autolysis  experiments. ^^  The 
growth  from  16  hour  sheep  serum  agar  slant  cultures  of  each  organ- 
ism was  suspended  in  10  cc.  of  normal  saline  solution,  seven  drops  of 
toluene  being  added  to  each  tube  and  the  tube  well  shaken.  The 
tubes  were  incubated  and  examined  at  the  end  of  4  and  6  hours. 

TABLE    VI. 


Serum. 

Organism. 

Dilutions  of  serum. 

0 

o 
0 

0 

p 
0 

o 

o 

0 

u 

c 
o 

u 

Polyvalent    antimeningitis    serum 

M.  florens. 

0 

(Department    of    Health,    New 

York  City) 

IC                                         « 

M.  calarrhalis. 

0 

0 

0 

0 

0 

0 

«                       <( 

Normal  meningococcus. 

T. 

T. 

s. 

Tr. 

0 

0 

le                          <t 

Para 

li 

(< 

T. 

« 

0 

0 

TABLE    VII. 


Organism. 

Dilutions  of  serum. 

Serum. 

csi 

o 

N 

o 

8 

o 

o 
o 

♦J 

Polyvalent  antimeningitis  se- 
rum (Rockefeller  Institute). 
<(                    « 

«                          u 

It                    (( 

M.  florens. 

M.  calarrhalis. 
Normal  meningococcus. 
Para 

0 

0 
T. 

0 

0 

T. 
« 

0 

0 

T. 

it 

0 

0 
T. 

0 

0 
Tr. 

S. 

0 

0 

0 

Tr. 

0 

0 
0 
0 

0 

0 
0 
0 

As  will  be  seen  from  Table  VIII  Micrococcus  florens  does  not  auto- 
lyze  as  readily  as  the  normal  and  para  meningococcus,  while 
Micrococcus  flavus  3  autolyzes  still  less  than  Micrococcus  florens. 


^^  These  tests  were  kindly  made  by  Dr.  Wilson  G.  Smillie  of  The  Rockefeller 
Institute  for  Medical  Research. 
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TABLE    VIII. 

Organism. 

Degree  of 

autolysis. 

4hrs. 

6  hrs. 

Normal  meningococcus  (Rockefeller  Institute) 
Para 

M.  florens 

M.  flavus  3 

+  +  + 
+  + 
+  - 

Almost  complete. 

+  +  + 
+ 

Pathogenicity  Tests. 

Mice. — {a)  and  {h).  The  pathogenicity  of  M.  florens  for  mice  was  tested  on  two 
animals.  1.0  cc.  of  a  saline  emulsion  containing  one-tenth  of  a  living  24  hour 
agar  slant  of  this  organism  when  injected  into  the  peritoneums  of  two  white 
mice  produced  death  in  11  to  18  hours  in  each  instance. 

Films  made  of  the  milky  peritoneal  exudate  and  stained  with  Hiss'  capsular 
stain-''  failed  to  show  any  capsules.  M.  florens  was  recovered  in  cultures,  made 
at  the  autopsies,  of  the  heart's  blood  and  of  the  peritoneal  exudate. 

Rabbits. — The  pathogenicity  of  Micrococcus  florens  for  rabbits  was  tested  on 
four  animals. 

(o)  1.5  cc.  of  a  saline  emulsion  containing  one-sixth  of  a  living  24  hour  agar 
slant  of  the  organism  injected  into  the  lumbar  cord^'*  of  Rabbit  1  failed  to  cause 
any  symptoms  for  15  days.  On  the  15th  day  1.75  cc.  of  a  saline  emulsion  con- 
taining one-fifth  of  a  living  24  hour  agar  slant  of  the  organism  were  again  injected 
into  the  lumbar  cord.     This  injection  produced  death  within  12  hours. 

The  autopsy  showed  slight  thickening  of  the  meninges,  enlargement  of  the 
spleen,  and  marked  injection  of  the  blood  vessels  of  the  intestine  and  mesentery. 
Histological  sections  of  the  brain  and  spinal  cord  showed  the  presence  of  men- 
ingitis. Cultures  of  the  spinal  cord  and  the  heart's  blood,  made  at  autopsy, 
showed  the  presence  of  M.  florens. 

Table  IX  shows  the  result  of  agglutination  tests  made  with  serum 
from  this  rabbit,  obtained  immediately  before  its  first  inoculation, 
and  on  the  15th  da}^,  immediately  before  the  second  inoculation. 
The  production  of  agglutinins  for  Micrococcus  florens  is  demonstrated. 

(b)  0.5  cc.  of  a  saline  emulsion  containing  one-twentieth  of  a  living  24  hour 
agar  slant  of  M.  florens  was  injected  intracerebrally  (left  frontal  lobe)  into  Rabbit 
2.    No  symptoms  were  noted  for  10  days.    At  the  end  of  that  time,  0.5  cc.  of  a 

"  The  technique  for  lumbar  puncture  for  rabbits  is  that  employed  by  C.  R. 
Austrian  {Bull.  Johns  Hopkins  Hosp.,  1916,  xxvii,  237). 
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sab'ne  emulsion  containing  one-fifth  of  a  living  24  hour  agar  slant  of  Af .  Jlorens 
was  again  injected  intracerebrally. 

A  culture  of  the  heart's  blood,  made  by  aseptic  cardiopuncture  24  hours  after 
the  last  inoculation,  showed  a  growth  of  M.  jlorens.  A  progressive  weakness  and 
general  malaise  were  noted  for  the  next  10  days,  at  the  end  of  which  death 
occurred. 

M.  jlorens  was  recovered  from  cultures  made  at  autopsy  from  the  brain  and 
spinal  cord.  Histological  sections  of  the  brain  and  spinal  cord  showed  evidence 
of  a  chronic  meningitis. 

(c)  and  {d).  1.0  cc.  of  a  saline  emulsion  containing  one-fourth  of  a  living  24 
hour  agar  slant  of  M.  jlorens  was  injected  into  the  lower  lumbar  cords  of  Rabbits 
3  and  4.    No.  3  died  in  8  to  14  hours.     No.  4  died  in  12  to  18  hours. 

M.  jlorens  was  recovered  from  cultures  made  at  autopsy  of  the  heart's  blood 
and  the  spinal  cord  of  each  rabbit.  The  rabbits'  sera  before  inoculation  and 
after  death  did  not  agglutinate  M.  jlorens.  Microscopic  sections  of  the  spinal 
cords  showed  the  presence  of  an  acute  purulent  meningitis  in  each  animal. 

TABLE    IX. 


Organism. 

Dilutions  of  serum. 

Serum. 

lO 

o 

r. 

o 

a 
o 
U 

Rabbit  1  (1st     day)  before  first      inoculation 

"       1  (15th    "  )      "       second           "         

M.  jlorens. 
M.      " 

0 
T. 

0 

Tr. 

0 
0 

0 
0 

0 
0 

Monkeys. — (c)  0.5  cc.  of  saline  emulsion  containing  one-fifth  of  a  living  24 
hour  agar  slant  of  M.  jlorens  was  inoculated  into  the  left  frontal  lobe  of  a  monkey. 
This  monkey,  a  Macacus  rhesus,  was  obviously  suffering  from  miliar^'  tuberculosis 
at  the  time.  For  the  next  15  hours  no  symptoms  of  meningitis  could  be  noted. 
Cultures  of  the  heart's  blood,  obtained  by  cardiopuncture,  at  the  end  of  this  time 
revealed  a  growth  of  M.  jlorens. 

At  the  end  of  24  hours  0.5  cc.  of  a  saline  emulsion  containing  one-fiflh  of  a 
living  24  hour  culture  of  M.  jlorens  was  again  injected  intracerebrally,  into  the 
left  frontal  lobe.  At  the  end  of  12  hours  the  monkey  was  decidedly  ill  and 
very  irritable,  lying  on  the  bottom  of  his  cage,  refusing  food.  No  opisthotonus 
could  be  noted  although  the  monkey  evidenced  pain  when  his  neck  was  bent. 
Symptoms  became  more  marked  and  death  followed  in  60  hours  after  the  second 
inoculation. 

The  autopsy  showed  miliary  tuberculosis  involving  the  mediastinal  and  mes- 
enteric glands,  the  great  omentum,  the  kidneys,  the  spleen,  and  the  body  of  the 
tenth  thoracic  vertebra.  No  tuberculous  processes  were  noted  in  the  central 
nervous  system.  Films  of  the  brain  and  spinal  cord  showed  large  numbers  of 
polymorphonuclear  leukocytes  and  Gram-negative  diplococci.    There  were  ad- 
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hesions  between  the  frontal  and  temporal  lobes.  Histological  sections  of  the 
brain  and  spinal  cord  gave  obvious  evidence  of  acute  purulent  meningitis. 
Cultures  made  of  the  heart's  blood,  brain,  and  spinal  cord  showed  growths  of 
M.  florens. 

Table  X  shows  the  results  of  agglutination  tests  made  with  this 
monkey's  serum  before  the  first  inoculation  and  at  autopsy. 

{b)  1.5  cc.  of  a  saline  emulsion  containing  one-quarter  of  the  growth  from 
one  24  hour  agar  slant  culture  of  M.  florens  were  injected  into  the  lower  lumbar 

TABLE    X. 


Serum. 

Organism. 

Dilutions  of  serum. 

"o 

2 

o 

S 

o 

c 
o 
u 

Monkey  1,  before  first  inoculation 

M.  florens. 
M.     " 

0 
T. 

0 
T. 

0 
T. 

0 
T. 

0 

"         1,  at  autopsy  (4  days  later) 

n 

TABLE    XI. 

Organism. 

Dilutions  of  serum. 

Serum. 

>o 

o 

r. 

o 

a 

d 

Monkey  2,  before  first  inoculation 

M.  florens. 
M.       " 
M.       " 

0 
T. 

0 
T. 

0 
T. 

0 
T. 

0 

2,      "     third            "         (22  days  later).... 
"        2,  at  autopsy  (24th  day) 

0 
0 

cord  of  a  healthy  Macacus  rhesus  (Monkey  2).  No  symptoms  were  noted  for  the 
next  3  days.  At  the  end  of  this  time  1.5  cc.  of  a  saline  emulsion  containing  one- 
half  of  the  growth  from  a  24  hour  agar  slant  culture  were  injected  into  the  lower 
lumbar  cord.  No  symptoms  occurred  for  the  next  19  days.  At  the  end  of  this 
lime  1.75  cc.  of  a  saline  emulsion  containing  all  the  growth  from  one  24  hour 
agar  slant  of  M.  florens  were  again  injected  into  the  lower  lumbar  cord.  Death 
resulted  in  8  to  18  hours. 

M.  florens  was  recovered  in  cultures  made  at  autopsy  from  the  heart's  blood, 
brain,  and  spinal  cord.  Histological  sections  of  the  brain  and  spinal  cord  showed 
evidence  of  acute  purulent  meningitis.     No  other  lesions  could  be  found. 

Table  XI  shows  the  results  of  agglutination  tests  made  with  this 
monkey's  serum  before  the  first  inoculation,  before  the  third  inocu- 
lation (22  days  after  the  first  and  19  days  after  the  second  inocula- 
tion), and  after  death. 
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CONCLUSIONS. 

These  virulence  tests  lead  us  to  believe  that  Micrococcus  jlorens  is 
pathogenic  for  mice,  rabbits,  and  monkeys  (Macacus  rhesus),  produc- 
ing septicemia,  and  that  it  will  also  cause  purulent  meningitis  in 
the  two  latter  animals. 

The  combined  results  of  the  biological  reactions  and  of  the  agglu- 
tination tests  lead  us  to  believe  that  we  are  dealing  with  an  organism 
which,  though  morphologically  similar  to  the  meningococcus,  yet  is 
entirely  distinct. 

A  review  of  the  literature  fails  to  reveal  any  description  of  a  Gram- 
negative  micrococcus  which  grows  luxuriantly  on  all  media  tested, 
forms  no  pigment,  and  ferments  arabinose,  dextrose,  and  galactose. 

We  wish  to  express  our  thanks  to  Dr.  Anna  Williams  and  to  Dr. 
Stanhope  Bayne- Jones  for  their  valuable  suggestions  and  assistance. 

EXPLANATION  OF  PLATE  6L 

Figs.  1  and  2.  These  photographs  were  taken  3  days  before  death,  showing 
the  child  in  different  positions.     The  opisthotonus  was  extreme. 
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PLATE  61. 
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Fig.  1. 


Fig.  2. 

(Davison,  Davison,  and  MiUei:  Meningitis  due  to  Micrococcus  flortn,.) 


THE   RELATION   OF  THE  SPLEEN  TO  BLOOD  DESTRUC- 
TION  AND    REGENERATION    AND    TO 
HEMOLYTIC  JAUNDICE. 

XVI.    The  Influence  of  Splenectomy  and  of  Blood  Disinte- 
gration UPON  THE  Production  of  Bile  Pigment. 

By  KINGO  goto,  M.D. 

{From  the  John  Hen  Musser  Department  of  Research  Medicine  of  the  University  of 
Pennsylvania,  Philadelphia.) 

(Received  for  publication,  July  9,  1917.) 

In  previous  studies  (1)  reported  from  this  laboratory  the  various  phenomena 
which  follow  splenectomy  in  the  dog  have  been  described.  In  connection  with 
the  most  important  of  these — ^the  anemia,  the  increased  resistance  of  the  red 
cells,  and  the  decreased  tendency  to  jaundice — numerous  indirect  observations 
indicated  that  in  the  absence  of  the  spleen,  there  is  possibly  a  decreased  formation 
of  bile  pigment.  In  the  present  work  this  point  was  studied  by  a  direct  examina- 
tion of  the  pigment  content  of  the  bile. 

Banti  (2)  was  the  first  to  point  out  that  splenectomized  dogs  require  larger 
doses  of  toluylenediamine  to  cause  jaundice  than  do  normal  dogs.  Pugliese  and 
Luzzatti  (3)  confirmed  this  observation  and  brought  evidence  to  show  that  the 
action  of  toluylenediamine  and  pyrodine  upon  the  splenectomized  animal  is  less 
marked  and  occurs  less  promptly  than  in  the  normal  animal.  Joannovics  (4) 
agreed  in  this  general  opinion  and. claimed,  as  did  also  Vast  (5),  that  for  the 
destruction  of  the  blood  cells  by  toluylenediamine  the  intervention  of  the  spleen 
is  necessary.  The  only  direct  observations  appear  to  be  those  of  Pugliese  (6) 
who  states  that  after  splenectomy  the  output  of  bile  pigment  in  bile  from  a  bile 
fistula  drops  to  about  one-half,  while  the  other  constituents  of  the  bile  are  but 
little  altered.  Moreover,  he  showed  that  although  after  the  injection  of  pyrodine 
the  bile  of  the  splenectomized  dogs  shows  an  increase  in  the  bile  pigments,  the 
increase  is  not  so  pronounced  as  in  the  normal  dog  after  pyrodine  injection. 

The  recent  work  of  Hooper  and  Whipple  (7  c,  d,  e,f,  h)  does  not  support  this 
claim  of  Pugliese.  On  the  contrary,  these  observers  assert  that  splenectomy 
has  no  constant  influence  on  the  output  of  bile  pigments  under  normal  conditions, 
though  they  find  many  interesting  deviations  from  the  normal  output  in  splenec- 
tomized bile  fistula  dogs  with  anemia. 
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Methods. 

The  elimination  of  bile  pigment  and  the  changes  following  the 
administration  of  an  hemolytic  agent  were  studied  both  before  and 
after  splenectomy  in  dogs  with  a  bile  duct-ureter  anastomosis  (8) ;  at 
the  same  time  the  studies  were  made  of  the  red  cell  and  hemoglobin 
content  of  the  blood. 

Four  dogs  of  approximately  the  same  size  were  used.  They  were 
fed  on  a  standard  diet  containing  0.4  gm.  of  nitrogen  per  kilo  and  70 
calories  per  kilo  of  body  weight.  The  diet  consisted  of  beef  heart, 
lard,  bread  crumbs,  sugar,  a  little  salt,  and  some  bone  ash.  The  daily 
intake  of  water  was  always  the  same. 

The  importance  of  keeping  the  test  animals  on  a  constant  diet  for 
bile  pigment  determination  is  obvious  from  the  observations  of  Hooper 
and  Whipple  (7  b),  who  have  shown  that  carbohydrates  tend  to  in- 
crease considerably  the  secretion  of  bile  pigment  in  dogs  with  bile 
fistula  and  also  that  on  a  strict  meat  diet  the  bile  pigment  curve  is  at 
its  lowest  level. 

Instead  of  the  usual  external  bile  fistula,  the  bile  duct-ureter  fistula 
(or  anastomosis)  of  Pearce  and  Eisenbrey  (8)  was  employed.  The 
method  consists  in  diverting  the  bile  from  the  intestine  to  the  urinary 
bladder  by  anastomosing  the  common  bile  duct  and  the  right  ureter, 
after  removal  of  the  corresponding  kidney.  It  has  several  advantages 
'for  long  continued  observations  and  avoids  some  of  the  troubles  of 
the  external  fistula,  such  as  obstruction,  infection,  and  losses  due  to 
accidents  in  collecting.  The  mixture  of  urine  and  bile,  in  the  absence 
of  jaundice,  offers  no  difficulties  for  the  quantitative  determination 
of  bile  pigments.' 

Several  days  after  this  operation  a  preliminary  blood  examination 
was  made  and  if  anemia  was  absent,  and  there  was  no  evidence  of 
obstruction  of  flow  of  bile  to  the  bladder,  the  urine  was  collected  from 
the  cage  every  morning  for  1  week  and  the  several  lots  were  combined 
for  quantitative  estimation  of  bile  pigment. 

The  animals  were  not  catheterized,  the  urine  being  collected  daily 

'I  am  indebted  to  Professor  J.  E.  Sweet  of  the  Department  of  Surgical 
Research  for  the  performance  of  these  operations. 
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and  preserved  in  cold  storage  until  the  quantitative  determination 
of  bile  pigment  was  made. 

It  is  well  known  that  there  are  hourly  and  at  times  dailv  \ariations 
in  bile  pigment  output  (7  a,  9),  and  it  was  to  avoid  errors  due  to  these 
variations  that  collections  were  continued  for  so  long  a  time.  This 
control  period  we  hereafter  refer  to  as  Period  A. 

In  the  second  period,  of  equal  duration  with  A,  Period  B,  an  hemo- 
lytic agent,  toluylenediamine,  was  given.  This  was  made  up  in  a  2 
per  cent  solution  and  administered  by  stomach  tube  daily  at  the  same 
hour  for  7  days. 

After  Period  B  had  been  completed,  an  interval  of  more  than  10 
days  was  allowed  to  elapse  to  permit  recovery  from  the  anemia  due 
to  toluylenediamine.  Splenectomy  was  then  performed  under  ether 
anesthesia.  1  week  after  this  operation,  observations  similar  to 
those  of  Period  A  were  made.     This  period  is  known  as  Period  C. 

In  Period  D,  toluylenediamine  was  given  as  in  Period  B.  In  each 
period  observations  were  made  of  the  condition  of  the  blood  and  of 
the  weight  and  general  condition.  At  the  termination  of  each  experi- 
ment the  anastomosis,  the  bile  passages,  liver,  ureter,  and  urinary 
bladder  were  carefully  examined.  No  abnormalities  were  found 
except  a  slight  dilatation  of  the  bile  ducts  with  slight  bile  stasis  in  the 
liver  in  Dog  2. 

In  the  first  experiment  (Dog  1)  two  observations  were  made  in 
Period  A,  and  in  the  first  and  second  (Dogs  1  and  2)  two  sets  in  Period 
B.     In  the  other  animals,  only  one  set  was  made  in  all  periods. 

For  the  determinalions  of  the  amount  of  bile  pigment  in  the  urine,  the  method 
of  Hooper  and  Whipple  (7a)  was  used.  Exactly  10  cc.  of  bile-urine  mixture  were 
placed  in  a  large  glass  tube,  20  cc.  of  10  per  cent  calcium  chloride  solution  were 
added;  the  mixture  was  then  made  weakly  alkaline  with  a  saturated  solution  of 
sodium  carbonate  and  centrifuged  for  30  minutes  at  a  speed  of  1,500  revolutions 
per  minute.  After  this,  a  small  amount  of  calcium  chloride  solution  was  added 
to  see  whether  precipitation  would  occur  again.  After  complete  precipitation 
was  assured,  the  precipitate  was  washed  four  times  with  distilled  water  by  use 
of  the  centrifuge.  To  dissolve  the  precipitate  finally,  the  following  solution  was 
used: 

cc. 

Ethyl  alcohol ,        95  per  cent 100 

Nitric  acid,  50     "    "    0.4 

Hydrochloric  acid,  37     "    "    5.0 
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After  standing  for  16  to  18  hours,  when  the  intensity  of  color  was  at  its  maximum, 
the  pigment  was  estimated  by  the  Duboscq  colorimeter.  The  standardization 
of  the  wedge  in  the  colorimeter  was  made  against  Kahlbaum's  chemically  pure 
bilirubin. 

For  determining  the  hemoglobin  content  of  the  blood  the  Fleischl- 
Miescher  apparatus  was  used. 

The  resistance  of  the  erythrocytes  was  examined  by  hypotonic 
salt  solution;  there  was  very  slight  decrease  after  the  administration 
of  toluylenediamine  and  very  slight  increase  after  the  splenectomy. 

RESULTS. 

The  general  outcome  of  these  experiments  is  shown  in  Tables  I 
to  IV.  In  the  first  period  the  general  condition  of  the  animal— weight 
and  blood  picture — was  satisfactory.  In  Period  B  the  blood  changes 
due  to  toluylenediamine  were  accompanied  by  a  slight  loss  of  weight 
and  this  was  evident  also  in  Period  D,  but  in  general  the  changes 
were  not  sufficient  to  prevent  comparable  observations  in  the  various 
periods.  It  should  be  emphasized  that  in  the  four  experiments 
reproduced  in  tabular  form,  there  was  no  loss  of  bile  through  faulty 
anastomosis  and  no  evidence  of  jaundice  due  to  obstruction.  In 
studying  the  tables  Period  A  should  be  compared  with  Period  C  and 
Period  B  with  Period  D ,  the  former  showing  the  effect  of  splenectomy 
alone  and  the  latter  of  splenectomy  on  the  formation  of  bile  pigment 
in  the  presence  of  excessive  blood  destruction.  This  comparison 
shows  that  in  each  experiment  the  elimination  of  bile  pigment  after 
splenectomy  was  reduced  and  the  observations  are  thus  in  accord 
with  those  of  Austin  and  Pepper  (1  /),  which  indicated  that  the  path 
of  the  blood  to  the  liver  is  an  important  factor  in  the  production  of 
jaundice.  There  is,  however,  another  possible  factor.  Pearce, 
Austin,  and  Musser  (1  c)  have  shown  that  the  production  of  jaundice 
is  more  difficult  in  an  anemic  animal  than  in  the  plethoric  animal,  and 
Hooper  and  Whipple  (7g),  who  found  that  splenectomy  did  not 
influence  the  output  of  bile  pigment  in  the  dog  after  several  months 
following  splenectomy,  describe  many  curious  results  in  the  anemic 
splenectomized  animal.  In  all  the  experiments  the  blood  picture 
was  never  so  satisfactory  in  Period  C  as  in  Period  A  and  the  factors 
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of  anemia  and  blood  regeneration  undoubtedly  have  something  to  do 
with  the  results  we  obtained.  There  is,  however,  no  question,  under 
the  condition  of  these  experiments,  of  the  decreased  elimination  of  bile 
pigment  after  splenectomy.  In  this  connection  it  should  be  pointed 
out  that  the  periods  of  continuous  observation — 7  days — are  larger 

TABLE  I. 

Dog  1.    Weight  9.3  kilos. 

Put  on  diet*  January  15,  1917. 

Bile  duct-ureter  anastomosis  January  19. 


Period. 

Dose  of  2  per  cent 
toluylenediamine. 

-=£■3 
«  a 

Blood. 

Date. 

Hemo- 
globin. 

Erythrocytes 
per  cm. 

1917 
Period  A. 
Jan.  23-29 
"    30-Feb. 5 

gin. 

0.0678 
0.0644 

1917 

Jan.  23 
"    30 

per 
cent 

98 
100 

6,210,000 
6,030,000 

9.5 
9.4 

Period  B. 
Feb.    6-12 

"    21-27 

10  cc.  every  day. 

13cc.  on  Feb.  21,22,23; 
15  cc.  on  Feb.  24,  25, 
26,  27. 

0.0698 
0.310 

Feb.    8 
"     13 
"     19 

"    23 
"     27 

82 

94 

103 

95 

43 

5,450,000 
5,700,000 
5,170,000 
5,200,000 
4,190,000 

9.0 

7.8 

8.0 

7.8 

Mar.  16. 

Splenectomy. 

Mar.  15 

101 

Period  C. 
Mar.  22-28 

0.0450 

Mar.  22 
"     28 

89 

82 

5,300,000 
5,360,000 

8.2 
8.1 

Period  D. 

Mar.  29-.\pr.  4 

13  cc.  on  Mar.  29,  30,  31; 
15  cc.  on  Apr.  1,2,3,4. 

0.208 

Mar.  30 
Apr.     4 

74 
63 

5,230,000   7.5 
3,600,000   7.5 

*  Diet  consisted  of  beef  heart  150  gm.,  lard  30  gm.,  sugar  40  gm.,  bread  crumbs 
50  gm.,  bone  ash  10  gm.,  salt  2  gm.,  and  water  300  cc. 

than  those  of  other  observers  and  thus  obviate  error  due  to  tempo- 
rary fluctuations — possibly  a  source  of  error  in  shorter  periods  of 
observations. 

A  comparison  of  Periods  A  and  B  shows  that  small  doses  over  several 
days  of  an  hemolytic  poison  may  not  cause  an  increase  in  bile  pigment 
elimination,  but  if  continued  in  larger  doses  or  for  a  longer  period  a 
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fivefold  increase  in  elimination  may  occur  (Table  I).  This  is  in 
accord  with  the  views  of  Pearce,  Austin,  and  Eisenbrey  (1  b)  on 
the  relation  of  hemoglobinemia  to  jaundice. 

If  Periods  B   and  D   are  compared,  it  is  seen  that  although  in 
Period  D  an  increase  of  pigment  eHmination  follows  blood  destruc- 

TABLE   II. 
Dog  2.    Weight  10.5  kilos. 
Put  on  diet*  January  20,  1917. 
Bile  duct-ureter  anastomosis  January  23. 


Period. 

Dose  of  2  per  cent 
toluylenediamine. 

Bile 
pigment 
per  day. 

Blood. 

Date. 

Hemo- 
globin. 

Erythrocytes 
per  cm. 

to 

1 

19J7 

Period  A. 
Jan.  30-Feb.  5 

gm. 

0.0622 

1917 
Feb.    5 

per 
cent 

101 

5,680,000 

kg. 

9.9 

Period  B. 
Feb.  6-12 

"    21-27 

10  cc.  every  day. 

13  cc.  on  Feb.  21,  22,  23; 
15  cc.  on  Feb.  24,  25, 
26,  27. 

0.0672 
0.1280 

Feb.    8 
"     13 
"     19 
"    23 
"     27 

68 
71 
86 
52 
38 

3,950,000 
4,010,000 
5,480,000 
3,550,000 
3,520,000 

9.4 
8.9 

8.9 
8.6 

Mar.  16. 

Splenectomy. 

Mar.  15 

99 

Period  C. 
Mar.  22-28 

0.036 

Mar.  22 
"      28 

81 
82 

4,460,000 
4,280,000 

8.9 
8.2 

Period  D. 

Mar.  29-.\pr.  4 

13  cc.  on  Mar.  29, 30,  31; 
15  cc.  on  Apr.  1,2,3,4. 

0.103 

Mar.  30 
Apr.     4 

62 

35 

3,510,000 
3,140,000 

8  0 
7.9 

*  Diet  consisted  of  beef  heart  150  gm.,  lard  40  gm.,  sugar  40  gm.,  bread  crumbs 
50  gm.,  bone  ash  10  gm.,  salt  2  gm.,  and  water  300  cc. 

tion,  this  increase  does  not  reach  the  high  level  obtained  before 
splenectomy  (Period  B).  There  is  here  no  question  of  the  influence 
of  anemia,  as  was  the  case  in  comparing  Periods  A  and  C,  for  in 
all  experiments  in  Periods  B  and  D  anemia  was  present,  and  was  of 
approximately  the  same  degree.  It  is  difficult  therefore  to  avoid 
the  conclusion  that  the  lowered  elimination  of  bile  pigment  is  due  to 
the  absence  of  the  spleen. 


TABLE    III. 
Dog  3.     Weight  8.6  kilos. 
Put  on  diet*  February  27,  1917. 
Bile  duct-ureter  anastomosis  March  1. 


Dose  of  2  per  cent 
toluylcnediaminc. 

Hile 
pigment 
per  <!ay. 

Blood. 

Dale. 

Hemo- 
globin. 

Erythrocytes 
per  cm. 

1917 

Period  A. 
Mar.  5-11 

gin. 

0.0624 

1917 

Mar.    6 

per 

cent 

102 

6,120,000 

8.6 

Period  B. 
Mar.  12-18 

14  cc.  every  day. 

0.288 

Mar.  13 
"      18 

82 
45 

3,930,000 
3,420,000 

8.4 
7.6 

Mar.  30. 

Splenectomy. 

Mar.  29 

100 

Period  C. 
Apr.  5-11 

0.0396 

Apr.    6 
"     11 

82 
64 

5,120,000 
4,860,000 

8.4 
7.8 

Period  D. 
Apr.  12-18 

14  cc.  every  day. 

0.202 

Apr.  13 
"     18 

58 
40 

3,570,000 
3,240,000 

7.5 
7.3 

*  Diet  consisted  of  beef  heart  110  gm.,  lard  35  gm.,  sugar  35  gm.,  bread  crumbs 
30  gm.,  bone  ash  10  gm.,  salt  2  gm.,  and  water  300  cc. 

TABLE   IV. 
Dog  4.     Weight  8.4  kilos. 
Put  on  diet  *  February  27,  1917. 
Bile  duct-ureter  anastomosis  March  1. 


Dose  of  2  per  cent 
toluylenediamine. 

Bile 
pigment 
per  day. 

Blood. 

Period. 

Date. 

Hemo- 
globin. 

Erythrocytes 
per  cm. 

.2? 

1917 

Period  A. 
Mar.  5-11 

gm. 

0.0618 

1917 
Mar.    6 

per 

cent 

94 

5,980,000 

kg. 

8.2 

Period  B. 
Mar.  12-18 

14  cc.  every  day. 

0.186 

Mar.  13 
"      18 

77 
42 

4,360,000 
3,433,000 

8.1 
7.4 

Mar.  30. 

Splenectomy. 

Mar.  29 

90 

Period  C. 
Apr.  5-11 

0.036 

Apr.    6 
"     11 

84 
69 

4,820,000 
4,250,000 

8.1 

7.5 

Period  D. 
Apr.  12-18 

14  cc.  every  day. 

0.1256 

Apr.  13 
"     18 

61 
38 

4,060,000 
3,220,000 

7.0 

7.2 

*  Diet  consisted  of  beef  heart  110  gm.,  lard  35  gm.,  sugar  35  gm.,  bread  crumbs 
30  gm.,  bone  ash  10  gm.,  salt  2  gm.,  and  water  300  cc. 
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SUMMARY. 

1.  In  four  animals  with  a  bile  duct-ureter  anastomosis  and  with- 
out disturbance  due  to  obstruction  or  absorption,  the  total  quantity 
of  bile  pigment  output  during  a  day  under  normal  conditions  varied 
from  0.0618  to  0.0678  gm.  These  figures  are  practically  identical 
with  those  of  Stadelmann  (9,  10)  but  lower  tha  n  those  given  by  Hooper 
and  Whipple  (7),  who  find  that  the  avferaL,e  bile  pigment  excretion 
amounts  to  about  1  mg.  per  pound  of  body  weight  per  6  hours. 

2.  In  all  the  experiments  there  is  definite  evidence  of  a  decrease  in 
bile  pigment  elimination  after  splenectomy.  This  is  true  not  only 
of  the  elimination  when  no  hemolytic  agent  is  administered  but  also 
when  excessive  blood  destruction  is  caused.  Under  the  latter  cir- 
cumstances the  amount  of  bile  pigment  is  greatly  increased  but  never 
reaches  the  high  level  of  blood  destruction  before  splenectomy. 

3.  These  observations  appear  to  show  conclusively  that  the  absence 
of  the  spleen  influences  the  formation  of  bile  pigment.  To  what 
extent  the  influence  is  mechanical,  i.e.,  change  in  the  course  of  the 
blood  to  the  liver,  and  to  what  extent  due  to  anemia,  cannot  be  stated 
at  present. 
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INTRODUCTION. 

During  the  past  few  years  a  nervous  disorder  of  sheep  has  become 
more  prevalent  throughout  portions  of  Patagonia.  This  disorder  has 
been  given  a  number  of  names;  among  the  more  common  may  be 
mentioned  staggers,  temblique,  loco,  and  huecii.  From  present  reports 
the  disease  seems  to  be  widespread,  for  it  exists  throughout  the  pampa 
at  least  as  far  north  as  the  Chubut  Valley  and  extends  southward  to 
Deseado  and  from  the  eastern  boundary  of  the  pampa  to  the  Andes. 
The  incidence  varies  greatly  with  the  condition  of  the  food  supply; 
when  there  is  a  liberal  amount  of  grass  the  actual  number  of  cases  is 
small.  After  a  long  continued  drought  when  the  fine  grass  supply 
is  short,  the  number  of  sick  animals  is  large.  The  mortality  varies 
considerably,  young  sheep  seeming  to  suffer  most.  The  disease  is 
not  confined  to  the  o\ine  species  alone;  horses  and  cattle  succumb 
readily  to  it. 

Acosta,  in  his  publications  on  huecu,'  discusses  in  detail  the  geographical 
distribution,  symptoms,  diagnosis,  and  prognosis  of  a  disease  similar  to  staggers. 

*  The  field  e.xpenses  of  this  investigation  were  borne  by  a  sheep-farming  com- 
pany of  London,  which  has  not  authorized  the  publication  of  its  connection 
with  the  investigation,  but  which  gave  every  facility  for  the  work  on  its 
estancia  in  Patagonia.  Here  a  small  bunk  house  close  to  the  settlement  was 
converted  into  a  temporary  laboratory.  Only  the  most  necessary  equipment 
and  supplies  were  transported  from  New  York. 

'  Acosta,  J.  L.,  Produccion  experimental  de  una  enfermedad  de  tipo  nervioso. 
Rev.  loot.,  1914,  V,  3;  El  "Huecu"  o  "Huaicu."  Enfermedad  de  tipo  nervioso 
propia  de  los  herbioros  de  la  Patagonia,  Tesis  Universidad  Nacional  de  Buenos 
Aires,  No.  86,  1914. 
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His  experimental  feedings  of  a  coarse  tuft  pampa  grass  {Poa  denudata)  to  a  horse, 
a  bullock,  and  two  sheep  resulted  in  the  production  of  definite  nervous  symptoms. 
Acosta's  experiments  were  not  controlled  and  inoculations  were  not  attempted. 
He  states  that  symptoms  develop  from  12  to  24  hours  after  the  first  feeding. 

Conversation  with  a  number  of  ranchers  has  given  us  some  valuable 
data.  The  manager  of  an  estancia  in  Chubut  Territory  supplied  us 
with  many  interesting  facts  concerning  staggers.  On  this  particular 
farm  about  1,000  sheep  are  pastured  on  a  square  league  (9  square 
miles).  The  estancia  consists  largely  of  pampa^  broken  by  many 
deep  valleys.  The  water  supply  is  excellent  and  consists  of  fresh 
springs  coming  from  the  hillsides  close  to  the  valley  bottoms.  There 
are  many  brackish  water-holes  as  well .  The  herbage  comprises  several 
kinds  of  fine  grass,  two  kinds  of  edible  bush,  and  two  coarse  grasses, 
as  well  as  several  species  of  thorny  bushes  and  a  number  of  cacti. 

Sheep  were  brought  to  this  land  in  1897.  The  land  was  at  first 
unfenced  and  the  sheep  were  herded.  Lambs  after  weaning  could  be 
turned  on  virgin  pasture.  Even  early  in  the  history  of  the  farm, 
employees  would  occasionally  report  a  case  of  staggers,  but  it  was 
only  after  the  land  had  been  fenced  and  animals  permitted  to  feed 
over  it  for  several  years  that  the  disease  really  became  a  menace. 
Beginning  in  1910  more  or  less  serious  outbreaks  of  the  disease  have 
occurred  annually.  It  affects  lambs  and  hoggets  (sheep  under  1 
year  old),  although  adult  sheep  suffer  to  some  extent.  As  a  rule,  the 
ewes  lamb  in  August  and  the  lambs  are  weaned  in  January  and  are 
then  removed  to  separate  paddocks.  Early  in  February  the  malady 
may  become  epidemic  and  it  may  continue  during  the  ensuing  months 
until  September.  The  incidence  varies  considerably  mth  the  general 
conditions  of  the  pasture.  When  the  seasons  have  been  unusually 
dry  and  the  herbage  is  sparse  it  is  not  unusual  to  see  lambs  affected 
at  marking  time.^  The  disease  often  exists  at  shearing  in  December. 
Under  these  conditions  the  nourishment  has  been  insufficient  since 
birth  and  the  young  have  been  forced  to  feed  on  grasses  otherwise 
unnecessary. 

^  The  term  pampa  in  Patagonia  is  applied  to  the  sandy  plain  beginning  in  the 
foot-hills  of  the  Andes  and  sloping  eastward  toward  the  Atlantic  Ocean.  The 
vegetation  of  these  plains  is  much  sparser  than  that  of  those  to  the  north. 

^  When  lambs  are  6  weeks  old  they  are  docked,  marked,  and  castrated. 
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When  there  has  been  plenty  of  moisture  and  the  grasses  are  suffi- 
cient, cases  of  staggers  are  not  usually  seen,  either  at  lamb-marking 
or  shearing,  but  a  few  cases  may  be  observed  in  March  and  April. 
In  extremely  bad  seasons  the  incidence  may  reach  100  per  cent  in 
certain  paddocks.  At  this  particular  estancia  the  average  mortality 
is  about  5  per  cent  but  in  one  paddock  it  reached  25  per  cent. 

In  horses  and  cattle,  especially  in  the  wild  herds,  the  losses  from 
staggers  are  severe.  Foals  and  calves  from  4  to  9  months  old  are 
especially  susceptible.  In  all  paddocks  located  on  the  pampa  the 
disease  abounds.  There  are  a  few  low  lying  paddocks,  200  or  300 
feet  lower  than  the  pampa,  where  the  disease  has  never  existed. 
Sheep  farmers  whose  lands  occupy  the  low  belt  of  land  between  the 
pampa  and  the  sea  declare  that  staggers  is  unknown  in  their  flocks, 
although  only  a  five  strand  wire  fence  may  separate  them  from 
heavily  infected  pastures. 

A  sheep  farmer  whose  estancia  was  located  at  Lago  San  Martin, 
about  250  leagues  southwest  of  Camarones,  informed  us  that  his  land 
would  support  3,000  sheep  to  the  league.  Sheep  had  been  grazed 
on  the  land  for  7  years.  During  the  first  years  staggers  did  not  exist, 
but  as  the  grasses  became  more  sparse  staggers  became  prevalent 
although  not  alarming.  He  stated  that  the  young  animals  were 
affected  shortly  after  weaning.  The  greatest  number  of  cases  occurred 
in  the  paddocks  close  to  the  settlement  when  large  numbers  of  sheep 
were  pastured  temporarily  during  shearing  and  dipping.  The  fine 
grass  in  these  paddocks  had  become  very  close.  When  questioned 
about  the  prevalence  of  a  certain  grass  he  informed  us  that  it  grew 
in  all  of  his  paddocks  except  those  that  had  an  elevation  of  over  1,500 
feet.  The  average  elevation  of  the  paddocks  was  about  900  feet. 
Further  questioning  brought  out  the  important  point  that  he  had 
never  seen  the  grass  commonly  called  pampa  or  coiron  growing  on 
the  pampa  below  Deseado. 

Description  of  the  Disease. 

At  first  sight  the  animal  may  appear  normal.  Excitement  becomes 
great  when  the  individual  is  alarmed  by  the  barking  of  a  dog,  voices, 
etc.     On  becoming  frightened  it  stands  with  a  wild,  excited  look.     The 
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neck  is  extended  and  there  is  usually  a  marked  trembling  of  the  head. 
Muscular  twitchings  of  the  hind  legs  are  a  constant  symptom;  if  the 
animal  is  driven  it  usually  breaks  into  a  panic-stricken  run.  After 
running  a  short  distance,  stiffness  of  the  limbs  becomes  marked.  This 
stiffness  is  usually  more  noticeable  in  the  hind  legs.  It  moves  with 
short,  convulsive  strides,  and  suddenly  plunges  forward,  falling  with 
the  hind  legs  extended  backward,  and  often  rolls  on  its  side  (Figs. 
1  to  4).  If  the  sheep  falls  on  a  hillside  it  is  not  unusual  for  it  to  roll 
over  and  over  until  a  level  plain  is  reached.  It  is  quite  common  to 
observe  a  sudden  stiffness  of  all  four  legs;  when  this  occurs  the  in- 
dividual may  fall  directly  on  its  side.  When  the  animal  falls  it 
displays  extreme  excitabihty;  the  eyes  bulge  and  the  pupils  are  dilated. 
The  head  is  drawn  back,  the  muscles  of  the  neck  are  tense,  and  the 
legs  are  extended  rigidly  from  the  body,  with  the  digits  spread  far 
apart.  If  a  sharp  sound  is  made  the  muscles  become  more  rigid. 
If  the  sheep  is  permitted  to  lie  undisturbed  the  muscles  gradually 
become  flaccid,  and  the  animal  rises  to  its  feet  with  some  difficulty 
and  moves  away,  stiffly  at  first,  but  the  gait  soon  becomes  normal. 
If  it  is  frightened  the  same  phenomena  are  repeated.  Often  there  is 
an  impairment  of  vision;  animals  may  shy  away  from  fences  or  at- 
tempt to  jump  over  objects  which  are  at  a  considerable  distance. 

When  an  animal  has  fallen  and  through  weakness  is  unable  to  rise, 
it  is  usually  found  lying  on  its  side  (Fig.  5).  At  the  slightest  alarm  it 
will  make  peculiar  cantering  movements  of  the  legs  until  seized  by 
the  usual  convulsions.  It  is  not  unusual  to  see  a  considerable  excava- 
tion which  has  been  made  by  the  feet  of  such  an  animal.  Often  they 
are  killed  or  mutilated  by  birds  or  carnivora. 

Even  in  advanced  cases  of  the  disease,  the  temperature  remains 
normal.  The  pulse  is  usually  regular  and  weak.  A  ramiform  con- 
gestion of  the  vessels  of  the  conjunctiva  is  ordinarily  present  and  the 
conjunctivitis  is  accompanied  by  a  mucopurulent  exudate.  The  sick 
animals  eat  well  when  the  opportunity  is  afforded.  There  is  no 
diarrhea  or  constipation. 

Morbid  Anatomy. 

Macroscopic. — The  following  autopsy  notes  reveal  the  usual  type 
of  lesions  found : 
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Subject. — Yearling  hogget;  wether;  had  been  down  at  least  2 
weeks.  Pulse  68;  temperature  101°F.;  respirations  21,  Blood: 
hemoglobin  90  per  cent;  red  cells  10,608,000;  leukocytes  11,500. 
Animal  killed  by  chloroform;  much  emaciated. 

Heart. — The  pericardium  appears  normal.  The  heart  muscle  is 
apparently  normal.  The  right  auricle  and  the  right  ventricle  con- 
tain large  dark  red  blood  clots.  The  left  ventricle  contains  a  smaller 
clot.     All  the  valves  are  normal. 

Lungs. — Right:  On  the  surface  of  the  middle  lobe  is  a  dark  pur- 
plish red  discoloration  measuring  9  by  6  cm.,  rather  clearly  demarcated 
from  the  usual  bright  pink  lung  tissue.  On  section  it  is  found  to 
involve  the  pleura  and  invade  the  subpleural  tissue  for  a  distance 
of  0.1  cm.  The  rest  of  the  lung  is  normal.  Left:  Scattered  over  the 
posterior  lobe  of  the  left  lung  are  many  irregular,  raised,  indistinct, 
gra}dsh  white  areas  varying  in  diameter  from  0.1  to  2  cm.  They 
are  discrete  and  crepitate  on  pressure. 

Liver. — ^The  Hver  is  dark  red  in  color  and  somewhat  firm.  On 
section  the  color  is  dark  red.  The  consistency  appears  normal. 
The  gall  bladder  is  filled  with  dark  bile. 

Spleen. — Apparently  normal. 

Kidneys. — Right:  Normal  in  size  and  reddish  gray  in  color  when 
Aaewed  through  the  capsule,  which  peels  off  readily.  On  section  the 
consistency  is  normal.  The  cortex  and  medulla  are  congested.  Left : 
The  left  kidney  presents  the  same  picture  as  the  right. 

Pancreas. — The  pancreas  is  slightly  congested  but  otherwise  normal. 

Esophagus  and  Stomachs. — All  appear  normal. 

Duodenum. — The  vessels  of  the  duodenum  are  congested.  The 
mucosa  is  congested.  The  content  is  largely  composed  of  mucus. 
The  ileum,  jejunum,  cecum,  and  colon  appear  normal. 

Brain. — The  vessels  of  the  dura  mater  are  slightly  congested.  The 
superficial  vessels  of  the  cerebrum,  cerebellum,  and  medulla  are  all 
highly  congested.  Along  the  anterior  border  of  the  cerebrum  and 
extending  1 .5  cm.  on  both  sides  of  the  median  fissure  is  a  triangular 
smoke-colored  discoloration  which  is  superficial  and  extends  back- 
ward, reaching  an  apex  2  cm.  from  the  anterior  border.  On  the 
ventral  aspect  of  the  cerebrum,  almost  exactly  opposite  the  dorsal 
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area,  is  another  irregular  patch  of  the  same  color,  which  measures  2 
by  1.3  cm.*     On  section  the  deeper  vessels  are  congested. 

The  cerebrospinal  fluid  is  pinkish  gray  in  color.  The  spinal  cord 
is  slightly  congested.     The  sciatic  nerve  appears  normal. 

In  most  animals  autopsied  the  lesions  were  of  about  the  same  type. 
It  is  unusual  to  observe  congestion  of  the  duodenum.  In  a  few 
individuals  small  hemorrhages  had  occurred  about  the  superficial 
vessels  of  the  brain.  The  cerebrospinal  fluid  varied  from  straw  color 
to  pinkish  gray.  In  all  cases  there  was  a  more  or  less  marked  con- 
gestion of  the  kidneys  with  a  certain  amount  of  granular  degeneration 
of  the  cortex,  and,  in  some  instances,  of  the  medulla. 

The  intestinal  tract  was  always  examined  for  worms.  In  only  two 
instances  were  they  found  and  then  only  in  small  numbers.  Examina- 
tion of  the  frontal  and  nasal  sinuses  usually  revealed  varying  numbers 
of  the  larvse  of  (Estrus  ovis.  These  were  found  as  frequently  in  normal 
sheep  as  in  those  suft"ering  with  staggers. 

Small  pieces  of  muscle  from  the  fore  and  hind  legs  and  from  the 
diaphragm  were  examined  with  M'Gowan's  method  for  the  presence 
of  Sarcosporidia.'^  They  were  present  in  only  two  samples  and  then 
in  very  slight  numbers.  Frozen  section  of  these  muscles  failed  to 
reveal  the  parasites  to  any  great  extent. 

Microscopic. — Pieces  of  various  organs  from  normal  sheep  and  those 
suffering  from  spontaneous  and  experimental  staggers  were  fixed  in 
Zenker's  fluid.  The  sections  were  stained  with  methylene  blue  and 
eosin.     The  changes  noted  are  slight  and  not  specific. 

The  cardiac  and  skeletal  muscles  contain  Sarcosporidia  in  all 
classes  of  sheep  examined. 

The  liver  as  a  rule  appears  normal.  The  kidneys  are  usually 
pathologic.  The  lesions  vary  considerably  from  congestion  to 
cloudy  swelling.     The  cortex  is  usually  the  seat  of  the  processes. 

The  brain  is  generally  congested  throughout.  The  meninges  appear 
normal  except  for  a  submeningcal  black  pigment.*     The  nerve  cells 

*  At  first  these  discolorations  were  regarded  as  possible  lesions  of  staggers,  but 
they  were  found  in  normal  brains  as  frequently  as  in  the  brains  of  sick  animals. 

*  M'Gowan,  J.  P.,  Investigations  into  the  disease  of  sheep  called  "Scrapie," 
with  especial  reference  to  its  association  with  sarcosporidiosis,  Edinburgh  and 
E.  Scotland  Agric.  Rep.,  1914. 
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fail  to  show  degenerative  changes  when  stained  with  methylene  blue. 
Congestion  of  the  spinal  cord  is  usually  noted.  In  several  instances 
small  hemorrhages  were  visible  within  the  gray  matter.  Too  much 
stress  cannot  be  placed  on  them,  however,  as  the  animals  were  usually 
killed  by  bleeding  from  the  jugular  veins  and.  carotid  arteries. 

The  spleen,  lymph  glands,  lungs  and  trachea,  pancreas,  and  adrenals 
fail  to  reveal  abnormalities. 

Bacteriological  Findings. — Although  inoculations  from  the  internal 
organs  and  the  central  nervous  system  were  made  into  various  media 
and  incubated  both  aerobically  and  anaerobically,  in  the  main  the 
cultures  remained  sterile.  In  animals  that  had  been  down  for  in- 
definite periods  it  was  not  uncommon  to  find  several  species  of  cocci 
in  the  brain,  spinal  cord,  and  cerebrospinal  fluid. 

Great  care  was  taken  in  obtaining  portions  of  the  brain  for  cultiva- 
tion. The  skin  was  dissected  away  and  the  skull  flamed  with  a 
gasoline  blow-torch.  A  large  sterile  trephine  was  used  for  drilling 
the  skull.  Various  portions  of  the  brain  were  removed  through  the 
trephined  holes.  The  cerebrospinal  fluid  was  drawn  immediately 
into  sterile  pipettes.  Usually  15  cm.  of  the  spinal  cord  were  removed 
for  inoculation  into  various  media. 

Films  from  the  internal  organs,  brain,  and  spinal  cord  were  pre- 
pared and  stained  with  various  aniUne  dyes.  Bacteria  were  not 
uniformly  present  in  any  of  them. 

EXPERIMENTAL. 

In  order  to  ascertain  whether  this  disease  was  transmissible  from 
one  animal  to  another,  a  series  of  experiments  was  undertaken.  Al- 
though indications  in  the  field  seemed  to  point  to  some  other  etiologi- 
cal factor  than  microparasites,  we  undertook  to  establish  this  point 
definitely. 

Our  first  series  of  five  experiments  consisted  in  attempts  to  trans- 
mit the  disease  by  natural  means  and  by  inoculation. 

Experiments  1  to  5. — Susceptible  sheep  were  permitted  to  pasture  with  those 
suffering  from  staggers.  The  normal  sheep  remained  so  and  those  affected  with 
the  disease  completely  recovered. 

Five  yearling  sheep  and  two  young  lambs  were  inoculated  with  normal  salt 
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solution  suspensions  prepared  from  the  central  nervous  system,  viscera,  and 
blood  of  sheep  suffering  from  advanced  staggers.  The  experimental  animals 
were  inoculated  in  various  ways,  some  intraperitoneally,  others  intravenously, 
subdurally,  and  directly  into  the  cerebral  substance.  The  latter  died  promptly 
from  shock.  Chloroform  anesthesia  was  resorted  to  when  inoculations  were  made 
beneath  the  dura  mater  and  into  the  brain  substance.  In  a  few  of  the  inoc- 
ulated individuals,  considerable  doses  of  the  suspensions  were  introduced  into 
the  rumen  with  the  aid  of  a  stomach  tube. 

None  of  the  inoculated  animals  developed  suggestive  symptoms.  All  re- 
mained healthy  during  our  observation  of  over  2|  months.  Adequate  controls 
which  were  maintained  throughout  this  series  of  experiments  remained  healthy. 

Ten  sheep  from  an  outlying  estancia  on  which  staggers  did  not  exist  were 
purchased  for  experimental  purposes.  These  animals  were  transported  to  the 
settlement  and  placed  directly  in  disinfected  pens.  Some  of  these  were  used 
in  the  inoculation  experiments  and  the  others  in  the  experimental  feedings  later. 

Guinea  pigs  weighing  300  gm.  were  also  inoculated  with  tissue  suspensions 
from  several  cases  of  staggers.     They  remained  well. 

From  the  foregoing  series  of  experiments  it  seemed  well  established 
that  the  disease  could  not  be  produced  by  permitting  sick  animals  to 
come  in  contact  w^ith  healthy  ones.  Moreover,  in  every  instance 
when  healthy  susceptible  sheep  were  inoculated  with  material  ob- 
tained from  advanced  cases  of  staggers  they  failed  to  develop  the 
disease. 

Among  certain  individuals  throughout  the  district,  factors  seemed 
to  point  to  a  grass  as  a  possible  cause  for  the  disorder.  The  grass 
is  commonly  called  coiron  or  pampa  grass.  Previously  we  have 
mentioned  that  staggers  had  not  affected  animals  on  low  camps. 
The  disease  is  confined  to  the  pampa.  It  is  well  known  that  a  coarse 
tuft  grass  grows  in  large  quantities  on  the  pampa  at  altitudes  from 
500  to  1,500  feet.  The  tufts  may  extend  well  down  the  sides  of  the 
valleys  but  they  do  not  grow  in  the  valley  bottoms  except  close  to 
the  pampa  where  the  canyons  are  shallow.  It  grows  in  tufts  varying 
from  15  to  60  cm.  in  diameter.  The  height  varies  with  the  amount  of 
moisture.  Where  the  tufts  have  not  been  disturbed  it  may  reach  a 
height  of  40  or  50  cm.^ 

^  The  writers  wish  to  acknowledge  their  indebtedness  to  Dr.  A.  S.  Hitchcock, 
Agrostologist  of  the  Bureau  of  Plant  Industry  of  the  United  States  Department  of 
Agriculture,  who  has  identified  this  grass  as  Poa  argcntma. 


F.    S.    JONES   AND   J.    F.    ARNOLD  813 

A  series  of  experiments  was  started  to  test  the  effect  of  this  grass 
when  fed  to  normal  sheep  and  to  those  that  had  recently  recovered 
from  staggers. 

Experiment  6. — Sept.  16,  1916.  Four  native  yearling  hoggets  were  placed 
in  two  small  pens  and  fed  on  pampa  grass.  Four  other  animals  of  the  same  age 
and  from  the  same  flock  were  fed  on  alfalfa  hay  and  served  as  controls.  The 
water  supply  was  the  same  in  all  the  pens.  The  following  notes  were  made 
during  the  experiment : 

Sept.  20.  Sheep  1  shows  muscular  trembling.  Sept.  25.  Sheep  1  is  very 
excitable;  marked  weakness  of  hind  legs;  falls  on  becoming  violently  excited. 
Sept.  30.  More  violent  symptoms  exhibited  by  No.  1.  Sheep  2  and  3  are  highly 
excitable.  Oct.  3.  Sheep  1,  2,  and  3  show  characteristic  symptoms  of  staggers; 
i.e.,  short,  jerky  movements  of  the  head  from  side  to  side.  Sheep  1  on  be- 
coming excited  loses  use  of  the  hind  legs,  crawls  about  with  the  fore  legs,  and  drags 
the  hind  limbs  (Fig.  6).  Oct.  7.  Sheep  4  shows  slight  shaking  of  the  head, 
grinds  the  teeth,  and  has  the  characteristic  stupid  facial  expression.  Sheep  2 
has  become  worse  rapidly,  showing  the  same  symptoms  as  No.  1. 

The  notes  of  a  complete  physical  examination  of  No.  1  were  as  follows  (Fig.  6) : 

Sheep  1. — Half  bred  ewe;  age  1  year.  Muscular  trembling,  incoordination  of 
the  muscles  of  the  hind  legs,  grinding  of  the  jaws,  constant  defecation  of  hard 
feces  during  examination.  The' animal  is  slightly  excited  and  restless.  Tem- 
perature 104.8°F.;  pulse  93,  regular,  full,  and  weak;  respirations  116  (very  warm 
day),  rapid,  shallow,  and  regular.  The  heart  appears  normal.  The  skin  is 
loose  and  normal,  the  coat  of  wool  excellent.  The  face  is  symmetrical  with  no 
evidence  of  inflammation  of  the  lips,  nostrils,  or  ears.  There  is  a  ramiform  con- 
gestion of  the  conjunctiva  accompanied  with  a  mucopurulent  exudate.  The 
abdomen  is  distended.  Micturition  is  frequent.  Mental  excitement  is  marked 
but  the  sensibility  is  normal.  Muscular  trembhngs  are  constant  and  marked 
disturbances  of  the  muscular  sense  are  observed.     The  reflexes  are  normal. 

The  animal  lies  quietly  during  the  examination.  When  assisted  to  rise  and 
compelled  to  move,  it  trembles  violently  and  appears  weak.  The  hind  legs  are 
stiff  and  the  fore  legs  are  braced  far  apart. 

Blood:  hemoglobin  85  per  cent;  red  cells  9,304,000;  leukocytes  7,400. 

Oct.  8.     Animal  1  fell  and  was  unable  to  rise.     Oct.  10.     Chloroformed. 

Autopsy. — General  condition  good. 

Heart. — The  pericardium  and  heart  appear  normal. 

Lungs.— Right,  normal;  left,  contains  one  darkened  area  in  the  ventral  lobe 
measuring  9  by  5  cm.  It  is  clearly  demarcated  from  the  rest  of  the  normal 
tissue.    The  lobe  is  somewhat  congested. 

Spleen. — Normal  in  size  and  consistency. 

Liver. — Normal  in  size;  the  color  is  light  brownish  pink  and  the  consistency 
firm.     Superficially    the    intralobular    markings   are    distinct.     When    cut    the 
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liver  appears  firm  and  the  lobules  stand  out  clearly.     The  gall  bladder  is  filled 
with  bile. 

Kidneys. — Both  appear  congested,  otherwise  normal.  The  bladder  is  empty. 
The  suprarenals  are  normal. 

Paiurcas. — Apparently  normal. 

Stomachs. — All  contain  more  or  less  partially  digested  grass;  no  evidence  of 
inflammation. 

Intestines. — The  bowels  appear  normal  until  the  jejunum  is  reached.  Here 
the  vessels  are  congested.  The  mucosa  contains  a  few  hemorrhagic  areas  vary- 
ing in  size  from  0.2  to  0.4  cm. 

Ovaries. — Apparently  normal. 

Uterus. —Contains  a  large  well  developed  fetus. 

Brain. — The  meninges  appear  normal.  The  superficial  vessels  of  the  brain 
are  engorged  with  blood.  There  is  a  grayish  black  discoloration  on  the  anterior 
portion  of  both  lobes  of  the  cerebrum.  This  discoloration  begins  a  distance  of 
2  cm.  posterior  to  the  anterior  border  and  extends  forward  and  downward  to  the 
ventral  aspect.  It  is  clearly  demarcated  from  the  rest  of  the  tissue  and  lies  only 
on  the  surface.  The  cerebellum  and  medulla  appear  normal.  There  is  a  normal 
amount  of  clear  straw-colored  cerebrospinal  fluid.  The  superficial  vessels  of  the 
spinal  cord  are  congested. 

Bone  Marrow. — The  bone  marrow  of  the  humerus  and  the  femur  appear  nor- 
mal. The  marrow  of  the  shaft  is  a  dull  pink  color  and  of  a  stiff  gelatinous  con- 
sistency.    That  of  the  heads  is  spongy  and  bright  red  in  color. 

In  certain  tubes  of  the  media  inoculated  with  small  pieces  of  brain,  cocci 
appeared  after  incubation.  All  inoculations  from  the  heart  and  liver  remained 
sterile.  Salt  solution  suspensions  of  various  organs  of  this  animal  were  used  to 
inoculate  the  sheep  employed  in  Experiment  5. 

The  other  animals  in  the  experiment  gradually  became  worse,  all  developing 
symptoms  of  advanced  staggers,  finally  falling  down  and  becoming  unable  to 
rise. 

Oct.  25.     Sheep  3  fell  down.     Nov.  7.     Sheep  2  and  4  unable  to  rise. 

The  autopsies  of  these  animals  failed  to  show  any  more  characteristic  lesions 
than  those  found  in  Sheep  1.  Although  careful  examinations  of  the  intestines 
and  stomachs  were  made,  intestinal  worms  were  not  found.  A  common  occur- 
rence among  the  sheep  autopsied  was  the  presence  of  the  larva?  of  CEstrus  avis  in 
the  frontal  sinuses. 

In  all  these  animals  examinations  of  the  muscles  with  M'Gowan's  method  for 
the  presence  of  Sarcosporidia  were  made.  In  one  or  two  instances  they  were 
present,  but  in  very  small  numbers. 

Unfortunately  the  preceding  experiment  was  carried  out  with  native 
stock.  Doubtless  these  animals  had  been  exposed  to  the  disease. 
The  results  seemed  to  justify  a  repetition  of  the  experiment  with  the 
substitution  of  animals  which  had  never  been  exposed  to  staggers. 
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Experiment  7.— Oct.  5,  1916.  The  sheep  used  were  of  the  same  lot  as  those 
described  under  the  inoculation  experiments.     Adequate  controls  were  kept. 

Within  3  days  after  starting  to  feed  the  grass  one  animal  exhil)itcd  suspicious 
symptoms.  2  days  later  two  animals  revealed  characteristic  symptoms  of 
staggers.  The  other  two  sheep  developed  staggers  10  and  15  days  respectively- 
after  the  feeding  had  been  begun. 

One  animal  (No.  5)  after  showing  distinct  symptoms  of  staggers  was  unable 
to  maintain  itself  on  the  grass  and  was  therefore  killed.  The  others  became 
progressively  worse,  falling  down  at  the  slightest  excitement  (Figs.  7  and  8). 

The  following  results  were  noted  when  the  urine  of  the  three  surviving  animals 
was  examined. 

Sheep  6. — Amount,  10  cc;  reaction  alkaline;  color  golden  yellow,  turbid; 
albumin  present;  sugar,  bile,  blood,  and  casts  absent. 

Sheep  7 . — Amount  8  cc;  reaction  alkaline;  color  golden  yellow,  turbid;  albumin 
present;  sugar,  bile,  blood,  and  casts  absent. 

Sheep  8. — Amount  8.5  cc;  reaction  alkaline;  color  golden  yellow,  clear; 
albumin  present;  sugar,  bile,  blood,-  and  casts  absent. 

All  the  animals  were  finally  autopsied  but  failed  to  reveal  more  characteristic 
changes  than  those  recorded. 

In  Experiments  6  and  7  the  pulse,  respiratory  rate,  and  temperature 
of  each  animal  were  recorded  before  and  during  the  experiments. 
The  temperatures  varied  slightly  and  the  rate  of  the  pulse  and  respira- 
tion remained  practically  the  same. 

Experiment  8. — Nov.  7,  1916.  In  Experiments  6  and  7  the  grass  used  was 
gathered  from  a  paddock  and  stored  in  large  bags  until  ready  to  feed.  The 
grass  tufts  were  cut  close  to  the  bottom  and  the  whole  tussock  was  used.  A 
large  proportion  of  the  tufts  consist  of  a  dry,  dead  center  surrounded  by  a  more 
or  less  profuse  belt  of  green  freshly  growing  grass.  Although  we  had  never 
seen  sheep  eat  this  dry  center,  nevertheless  it  was  believed  by  many  that  the 
dry  portions  were  responsible  for  the  disorder.  To  prove  definitely  whether  this 
was  responsible  for  the  malady  we  determined  to  feed  only  green  grass  from  young 
tussocks.  In  the  young  tufts  the  whole  mass  is  green  and  only  begins  to  dry  as 
the  seed  ripens.  Every  morning  5  kilos  of  this  fresh  green  grass  were  gathered 
and  fed  to  two  sheep  of  the  same  lot  as  those  used  in  Experiment  7.  Two  animals 
fed  on  alfalfa  in  an  adjoining  pen  served  as  controls. 

After  2  days'  feeding  on  the  grass  both  animals  showed  suspicious  symptoms; 
i.e.,  twitching  of  the  muscles  of  the  hind  limbs,  slight  shaking  of  the  head,  and 
twitching  of  the  ears.  At  the  end  of  1  week's  feeding  they  had  developed  severe 
symptoms  of  staggers  (Fig.  9) .  14  days  after  feeding  had  been  begun  both  animals 
fell  on  the  slightest  excitement. 

Examination  of  the  urine  gave  the  following  results: 
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Sheep  9. — Amount  45  cc;  reaction  acid;  color  golden  yellow,  clear;  specific 
gravity  1,060;  albumin  present;  sugar,  blood,  bile,  and  casts  absent. 

Sheep  10. — Amount  150  cc;  reaction  acid;  color  light  golden  yellow;  specific 
gravity  1,021;  albumin  and  sugar  present;  blood,  bile,  and  casts  absent. 

Sheep  9  fell  on  the  15th  day  of  feeding  and  could  not  rise.  It  was  killed  and 
autopsied  on  Nov.  22.     Unusual  changes  were  not  noted. 

The  other  animal,  although  badly  affected  with  staggers,  was  able  to  stand, 
and  after  two  feedings  of  green  alfalfa  it  was  turned  out  with  two  other  sick  animals 
(see  Experiment  11). 

Experiment  9. — Feeding  of  pampa  grass  to  sheep  that  had  recently  recovered 
from  staggers.  Sept.  30,  1916.  The  feeding  of  pampa  grass  was  begun  with 
two  sheep  that  had  completely,  and  one  that  had  partially  recovered  from  stag- 
gers. These  animals  were  part  of  a  flock  in  which  the  disease  had  existed.  They, 
with  nine  others,  had  been  isolated  in  a  small  paddock  about  2  weeks  before  our 
arrival  and  were  to  have  furnished  material  for  our  investigation.  Of  these 
twelve  animals,  nine  had  recovered,  two  had  become  worse,  and  one  had  partially 
recovered.  The  partially  recovered  animal  still  showed  extreme  excitability 
and  muscular  trembling. 

Oct.  5.  One  of  the  recovered  sheep  revealed  unmistakable  symptoms  of  stag- 
gers. The  partially  recovered  animal  had  become  much  worse  and  fell  on  be- 
coming excited.  2  days  later  the  other  hogget  developed  staggers.  These 
animals  all  became  worse  and  were  either  autopsied  or  used  for  other  experiments. 

When  the  three  preceding  experiments  are  reviewed  it  will  be  noted 
that  of  ten  yearling  sheep  whose  diet  consisted  of  pampa  grass  all 
developed  staggers.  The  controls  fed  on  alfalfa  hay  remained  well. 
Another  striking  feature  is  that  both  animals  fed  on  fresh  green  pampa 
grass  showed  symptoms  of  the  malady  as  rapidly  as  any  of  the  others. 
The  latter  observation  eliminates  the  theory  of  an  infestation  of  the 
grass  by  a  toxin-producing  mold.  The  green  grass  we  fed  was  free 
from  mold. 

It  has  been  stated  that  old  animals  do  not  usually  suffer  from  stag- 
gers unless  they  have  been  reared  on  low  land  and  moved  to  the 
pampa.  In  instances  of  this  kind,  the  losses  may  be  severe.  In  the 
main,  older  animals  that  have  been  pastured  on  pampa  cannot  be 
said  to  sufifer  from  the  malady  to  any  great  extent.  We  are  informed 
that  the  guanaco,  a  native  member  of  the  deer  family,  docs  not  suffer 
from  staggers.  Indications  on  all  upland  paddocks  visited  showed 
that  considerable  coiron  is  eaten  by  animals.  Often  the  green 
blades  were  kept  well  cropped.  Knowing  that  more  or  less  of  the 
grass  is  eaten  by  older  animals  and  that  comparatively  few  cases  of 
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staggers  make  their  appearance  in  these  flocks,  we  assumed  that  a 
tolerance  to  the  toxic  properties  of  the  grass  must  have  been  developed. 
To  test  this  point  it  was  determined  to  feed  the  grass  to  older  animals. 

Experiment  10. — Nov.  14,  1916.  In  this  experiment  it  was  decided  to  feed 
adult  animals  on  pampa  grass.  A  6  year  old  ewe  with  a  3  months  old  lamb,  and 
two  2  year  old  wethers  were  fed  upon  pampa  grass.  The  ewe  could  not  support 
herself  and  the  lamb  on  the  diet  and  was  discarded.  The  lamb  showed  symptoms 
of  staggers  within  8  days. 

After  23  days  of  feeding  on  the  grass,  neither  wether  had  developed  staggers. 
Since  it  was  necessary  to  return  to  New  York,  we  requested  the  manager  to  con- 
tinue feeding  the  grass  and  to  telegraph  us  when  the  symptoms  developed. 

On  Dec.  28,  45  days  after  the  beginning  of  the  feeding,  he  telegraphed  us 
that  both  animals  had  staggers. 

When  young  animals  were  fed  on  the  grass,  the  average  time  for  the 
first  appearance  of  definite  symptoms  of  the  disease  was  10  days. 
At  the  end  of  23  days  neither  of  the  older  animals  revealed  suspicious 
symptoms;  in  fact,  45  days  of  actual  feeding  were  required  to  produce 
the  disease.  It  seems  that  a  considerable  tolerance  is  developed  in 
adult  animals  that  have  pastured  on  land  on  which  the  grass  grows. 
The  results  of  this  experiment  readily  explain  why  these  sheep  do  not 
suffer  from  the  disorder  to  any  great  extent.  In  all  probabiUty  the 
guanaco,  through  generations,  has  developed  an  immunity  against  the 
toxic  substances  of  the  grass. 

Experiment  11. — In  spontaneous  outbreaks  of  the  disorder  the  mortality  is 
usually  slight  when  compared  with  the  incidence.  In  fact,  in  certain  outbreaks 
all  the  animals  recover  if  there  is  sufficient  green  fodder. 

Sept.  16,  1916.  Three  yearling  rams  were  brought  into  the  settlement  by  the 
manager  and  placed  in  a  small  corral;  these  animals  presented  all  the  symptoms 
of  staggers  and"  would  fall  on  becoming  frightened  (Fig.  10).  They  were  of  value 
for  breeding  purposes  and  the  manager  determined  to  treat  them.  Sept.  16  and 
17.  Each  was  given  a  pint  of  oatmeal  gruel  and  permitted  to  eat  rolled  oats 
and  both  dry  and  green  alfalfa.  The  bulk  of  the  diet  consisted  of  alfalfa  hay. 
Within  1  week  the  improvement  was  marked;  even  when  they  were  driven  by 
dogs  they  did  not  fall.  The  symptoms  rapidly  disappeared  and  within  18  days 
all  had  recovered  (Fig.  11). 

In  another  instance,  two  animals,  the  lamb  from  Experiment  10  and  a  hogget 
from  Experiment  8,  together  with  a  spontaneous  case,  were  allowed  to  run  in  a 
small  paddock  where  the  finer  grasses  were  plentiful.  One  of  the  animals  eould 
not  be  driven  but  had  to  be  carried  to  the  paddock;  at  the  least  excitement  it 
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would  fall  and  only  rise  with  difficulty.  Within  8  days  all  symptoms  had  dis- 
appeared and  all  three  sheep  had  completely  recovered. 

Experiment  12. — Attempts  were  made  to  extract  some  substances  from  the 
grass  that  would  cause  the  symptoms.  Acosta  was  unable  to  state  definitely 
whether  the  plant  itself  contained  an  alkaloid  or  whether  a  toxin  was  produced 
by  the  action  of  a  mold.  The  former  seemed  more  plausible  as  Patagonia  is 
an  exceedingly  dry  country.  Moreover,  the  experiment  in  which  we  fed  green 
grass  which  was  not  moldy  seems  to  point  to  an  alkaloid. 

At  first  we  attempted  to  extract  a  substance  from  the  plant  with  alcohol, 
but  on  account  of  our  small  supply  of  that  chemical  we  were  compelled  to  dis- 
continue this  portion  of  the  experiment. 

We  next  attempted  to  extract  some  substance  aqueously.  This  was  done  in  the 
following  manner:  3  kilos  of  grass  were  washed  twice  and  then  covered  with 
water  and  allowed  to  boil  for  2  hours.  The  liquid  was  then  poured  off  and  used 
to  cover  a  second  3  kilos  of  washed  grass.  This  was  repeated  a  third  time.  The 
dark  brown  liquid  thus  obtained  was  evaporated  to  1  liter.  It  was  necessary 
to  prepare  a  large  quantity  3  or  4  days  before  the  administration  of  the  liquid 
was  begun,  to  enable  us  to  continue  the  supply. 

Two  yearling  hoggets  were  chosen  for  the  experiment.  The  fluid  was  admin- 
istered directly  into  the  rumen  by  means  of  a  stomach  tube.  Each  animal 
received  1  liter  before  feeding  in  the  morning  and  another  liter  in  the  evening, 
so  that  each  animal  was  receiving  daily  the  infusion  from  18  kilos  of  grass.  The 
experiment  was  continued  for  a  period  of  Zi  days,  but  symptoms  failed  to  de- 
velop in  either  of  the  sheep. 

Guinea  pigs,  when  injected  intraperitoneally  with  heavy  alcoholic  or  aqueous 
extracts  of  the  plant,  usually  died  within  15  minutes.  Controls  inoculated  with 
similar  preparations  from  non-toxic  grasses  died  as  promptly.  It  was  impossible 
to  attempt  to  purify  the  products  and  it  seemed  that  these  results  may  be  ac- 
counted for  by  an  excess  of  salts  in  the  fluids. 

A  young  hogget  was  injected  intraperitoneally  with  a  large  dose  of  a  heavy 
grass  infusion.  It  developed  peritonitis  and  died  within  12  hours.  Symptoms 
of  staggers  were  not  observed. 

It  seemed  that  animals  affected  with  staggers  or  those  that  had  recovered 
might  react  when  a  few  drops  of  liquid  thought  to  contain  the  toxic  substance 
were  placed  in  the  eye.  Both  alcoholic  and  aqueous  extracts  were  evaporated  to 
dryness  and  the  residue  was  taken  up  in  distilled  water.  Normal,  affected,  and 
recovered  animals  received  two  drops  of  these  solutions  in  each  eye.  All  failed 
to  react. 

Probably  only  more  refined  and  exhaustive  chemical  methods  will 
be  able  to  decide  the  nature  of  the  substance  v^^hich  is  responsible 
for  the  symptoms. 
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DISCUSSION. 

There  seems  to  be  very  little  doubt  that  staggers  in  sheep  in  Pata- 
gonia is  caused  by  ingestion  of  a  coarse  tuft  grass.  This  plant  is 
called  pampa  or  coiron  grass.  Its  botanical  name  is  Poa  argenlina 
(Fig.  12).  All  young  sheep  (yearlings)  when  fed  on  this  grass  de- 
veloped characteristic  symptoms  of  the  disease.  Besides  our  experi- 
mental evidence,  there  exists  a  number  of  other  facts  which  corrobo- 
rate our  findings.  Certain  of  these  can  best  be  illustrated  by  a  map 
of  an  estancia  on  which  staggers  is  prevalent  (Text-fig.  1). 

The  larger  paddocks  consist  of  broken  pampa;  i.e.,  pampa  inter- 
sected by  valleys.  In  all  of  them  except  the  Windmill  Paddock,  the 
water  supply  is  natural.  The  windmill  w^ells  have  been  driven.  In 
all  the  upland  paddocks  staggers  exists.  The  pampa  grass  grows 
well.  On  this  property  there  are  three  low  paddocks  (Nos.  1,2,  and 
X)  where  this  particular  grass  does  not  grow.  These  paddocks  are 
at  least  200  or  300  feet  lower  in  altitude  than  the  pampa.  No  matter 
how  sparse  the  herbage  may  become  in  them  staggers  never  develops 
in  any  of  the  sheep  ranged  there.  This  company  owns  a  piece  of 
land  six  leagues  to  the  eastward  and  only  a  few  feet  above  sea  level; 
on  this  tract  the  disease  does  not  exist  and  the  coiron  grass  is  not 
found.  When  a  flock  of  2  year  old  ewes  was  moved  from  these  low 
camps  to  the  mixed  pampa  paddocks,  staggers  broke  out. 

The  question  may  be  raised  whether  the  s>Tnptoms  may  be  caused 
by  a  lack  of  some  \\tal  substance  in  the  diet;  i.e.,  whether  staggers  is 
an  insufficiency  disease.  There  are  several  facts  which  lead  us  to 
believe  that  the  disorder  is  not  of  such  a  nature.  When  horses  are 
brought  on  the  pampa  from  other  districts  they  often  come  down  with 
staggers  within  24  hours.  We  have  seen  sheep  reveal  symptoms 
after  two  feedings  of  pampa  grass.  In  years  of  drought  many  animals 
die  of  starvation  in  the  low  camps  where  the  pampa  grass  does  not 
grow  but  the  other  food  is  the  same.  These  sheep  do  not  develop 
nervous  manifestations. 

Theiler,  Green,  and  Viljoen^  have  shown  that  even  after  long  periods 

^Theiler,  A.,  Green,  H.  H.,  and  Viljoen,  P.  R.,  Contribution  to  the  study  of 
deficiency  disease,  with  special  reference  to  the  Lamkziekte  problem  in  South 
.'\frica,  Third  and  Fourth  Reports,  Union  of  South  Africa,  Dept.  Agric,  1915. 
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horses,  cattle,  and  sheep  fed  on  a  diet  of  ten  parts  of  polished  rice  and 
one  part  of  autoclaved  hay  failed  to  develop  symptoms  of  an 
avitaminosis. 

It  would  seem  that  the  solution  of  the  problem  lies  in  the  eradication 
of  this  particular  grass  (Fig.  13).  When  the  fact  is  considered  that 
this  grass  is  abundant  from  the  foot-hills  of  the  Andes  to  the  eastern 
boundary  of  the  pampa,  one  gets  an  idea  of  the  magnitude  of  the 
problem.  During  the  summer  months  when  the  grass  is  seeding, 
the  prevailing  winds  are  from  the  west  and  it  is  not  unusual  for  them 
to  blow  steadily  for  3  or  4  days.     At  one  time  during  our  stay  the 
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Text-Fig.  1.  Map  of  an  estancia  on  which  staggers  is  prevalent. 

wind  reached  a  maximum  velocity  of  84  miles  an  hour.  Even  though 
this  grass  is  eradicated  from  eastern  portions  of  the  land  it  would 
soon  reappear.  One  land  owner  tried  burning  off  a  portion  of  land 
but  this  failed  to  kill  the  coiron.  Unless  another  grass  can  be  sub- 
stituted, the  eradication  of  this  particular  species  might  work  con- 
siderable havoc.  There  is  no  doubt  that  old  sheep  that  have  become 
tolerant  eat  it  without  harmful  effects.  Probably  during  periods  of 
drought  many  animals  are  dependent  on  it  for  certain  nourishment. 
Without  the  substitution  of  some  other  bulky  food  the  losses  from 
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starvation  might  well  equal  the  losses  occurring  from  staggers  in 
continued  periods  of  drought. 

Individual  treatment  is  valueless  on  large  estancias  at  the  present 
time.  IMany  of  the  valleys  in  this  district  are  admirably  suited  to 
the  raising  of  alfalfa  after  proper  treatment  of  the  soil.  Generally 
two  good  cuttings  may  be  obtained  annually  after  a  few  years.  In 
the  future  when  the  value  of  sheep  has  advanced  it  may  pay  to  culti- 
vate portions  of  the  better  valleys  and  either  use  the  alfalfa  as  a 
green  forage  or  store  it  as  hay  or  ensilage  and  feed  it  in  times  of  stress. 
It  is  recognized  at  this  time  that  this  procedure  is  impracticable, 
although  it  may  become  necessary  in  the  future. 

Sheep  raisers  have  long  recognized  the  advisability  of  not  exciting 
flocks  in  which  many  cases  of  staggers  exist.  Usually  when  flocks 
in  which  the  incidence  is  heavy  are  driven  by  men  and  dogs,  the  sheep, 
becoming  violently  excited,  attempt  to  run  and  many  of  them  fall 
down.  Of  those  that  fall  many  are  unable  to  rise  and  ultimately  die 
of  starvation  or  are  killed  or  mutilated  by  animals  or  birds.  Quiet 
is  essential  when  many  are  sick.  On  the  other  hand,  it  may  be  ad- 
visable to  move  sheep  to  another  pasture  early  in  the  outbreak  if 
this  is  possible. 

Acosta  recommends  the  use  of  nose  bags  when  sheep  are  driven 
through  lands  on  which  the  grass  exists.  When  it  is  considered  that 
two  or  three  men  with  dogs  usually  drive  bands  of  a  thousand  or  more 
sheep,  such  a  procedure  seems  impossible. 

Staggers  affects  horses  and  cattle  as  well  as  sheep.  Acosta  was 
able  to  produce  the  disease  experimentally  in  both  species  by  feeding 
Poa  denudata.  Apparently  Poa  denudata  and  Poa  argentina  differ  in 
but  one  or  two  minor  characteristics.  Opportunity  for  experiments 
along  this  line  was  not  afforded  to  us. 

CONCLUSIONS. 

After  observations  and  experimental  work  both  in  the  field  and 
laboratory,  the  following  conclusions  seem  justified. 

1.  Staggers  is  a  non-infectious  disorder  affecting  horses,  cattle, 
and  sheep. 

2.  The  disease  is  characterized  by  weakness,  muscular  twitching, 
irregular  movements  of  the  head,  stiffness  of  the  Umbs,  and  transient 


822  STAGGERS  IN  SHEEP 

motor  paralysis,  accompanied  with  spastic  spasms  on  excitement. 
There  is  also  a  derangement  of  vision  and  conjunctivitis. 

3.  The  postmortem  lesions  are  not  characteristic. 

4.  We  readily  produced  the  disease  by  feeding  susceptible  sheep 
on  a  coarse  tuft  grass  commonly  known  as  coiron  or  pampa  grass 
{Poa  argentina). 

5.  The  time  required  to  produce  definite  symptoms  by  feeding  the 
grass  varied.  Two  animals  developed  typical  staggers  after  two  feed- 
ings; in  another  instance  a  period  of  21  days  of  feeding  was  required. 
The  average  time  for  the  production  of  unmistakable  symptoms  in 
our  experiments  was  10  days. 

6.  Many  sheep  recover  from  staggers  spontaneously.  A  complete 
change  of  diet  will  usually  effect  a  cure  within  2  weeks. 

7.  Older  animals  that  have  pastured  for  long  periods  on  lands  where 
the  grass  grows  become  tolerant  and  are  rarely  affected  with  staggers. 

8.  The  grass  is  toxic  to  sheep  at  all  seasons  of  the  year.  We  fed 
late  winter  and  early  spring  grass  and  grass  in  flower,  and  produced 
staggers  in  every  instance.  The  young  green  grass  is  as  toxic  as 
any  edible  portion  of  the  plant. 

EXPLANATION  OF  PLATES. 
Plate  62. 

Figs.  1  to  5.     Spontaneous  staggers. 

Fig.  1.  Animal  about  to  fall  on  its  side;  the  fore  legs  are  rigidly  extended  and 
the  digits  spread  far  apart. 

Fig.  2.  The  transient  motor  paralysis  of  the  hind  limbs  occurring  after  violent 
exercise  and  excitement. 

Fig.  3.  Sheep  about  to  fall.  All  four  legs  are  extended  rigidly.  The  momen- 
tum gained  was  sufficient  to  carry  the  body  forward.  The  animal  appears  to 
plunge  forward  while  falling. 

Fig.  4.  The  gait  of  sheep  with  staggers;  note  the  apparent  rigidity  of  the  hind 
limbs. 

Fig.  5.  The  usual  position  of  an  animal  down  with  staggers. 

Plate  63. 

Fig?;.  6,  7,  and  8.     Experimental  staggers. 

Fig.  6.  Sheep  1,  Experiment  6.  Note  the  stiff  carriage  of  the  hind  limbs  and 
the  depression  of  the  hind  quarters. 
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Fig.  7.  Sheep  7  and  8,  Experiment  7.  Typical  standing  position  of  sheep 
affected  with  staggers. 

Fig.  8.  Sheep  8,  Experiment  7.  This  phite  was  exposed  J  second  and  shows  the 
characteristic  shaking  of  the  head. 

Plate  64. 

Fig.   9.  The  sheep  fed  on  green  pampa  grass  {Poa  argentina)  in  Experiment  8. 
Fig.  10.  Young  rams  affected  with  staggers  (Experiment  11). 
Fig.  11.  The  same  animals  as  in  Fig.  10,  completely  recovered  after  feeding 
for  18  days  on  a  mixed  diet  of  alfalfa  and  rolled  oats. 

Plate  65. 

Fig.  12.  Pampa  grass  (Poa  argentina)  in  flower. 

Fig.  13.  The  grass  growing  on  the  pampa  close  to  the  edge  of  a  valley. 
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Recent  work  has  shown  the  important  part  played  by  the  alkaline  duodenal 
contents,  the  pancreatic  juice  in  particular,  in  the  maintenance  of  a  uniform  level 
of  gastric  acidity.  While  the  presence  of  bile  and  pancreatic  juice  in  the  stomach 
was  noted  a  number  of  years  ago  by  Boas,  it  remained  for  Bold>Teff  (1907-08, 
1911)  to  demonstrate  experimentally  that  a  regurgitation  of  duodenal  juices, 
after  the  ingestion  of  certain  foodstuffs,  is  of  such  regular  occurrence  that  the 
process  may  be  regarded  as  an  accompaniment  of  normal  gastric  digestion.  Con- 
firmatory evidence  for  the  existence  of  the  mechanism  responsible  for  this  regur- 
gitation has  since  been  offered  by  Carlson  (1915,  b)  Hicks  and  Visher,  Zaitseff, 
Spencer,  Meyer,  Rehfuss,  and  Hawk,  Morse,  and  others. 

It  has  been  demonstrated,  furthermore^  that  neutral,  alkaline,  or  feebly  acid 
fluids  provoke  a  secretion  of  acid  juice  in  order  that  the  gastric  acidity  may  be 
brought  to  the  normal  level.  The  experiments  of  Lonnqvist,  for  example,  have 
shown  that  when  weak  soda  solutions  (0.2vS  to  0.5  per  cent)  are  introduced  into 
the  stomach  they  act  like  water  in  causing  a  secretion  of  gastric  juice.  With 
stronger  concentrations  (1.0  to  1.5  per  cent)  the  amount  of  secretion  is  mate- 
rially increased.  WhUe  it  is  not  inconceivable  that  strong  alkaline  solutions, 
acting  as  an  irritant  to  the  duoderial  mucosa,  may  lead,  indirectly,  to  an  out- 
pouring of  acid  in  the  stomach,  it  is  not  likely  that  the  weaker  solutions  act  upon 
the  gastric  glands  in  this  way.  In  fact  Lonnqvist  found  that  when  solutions 
of  soda  were  placed  in  the  duodenum  they  led  to  a  slightly  diminished  secretion 
of  gastric  juice. 

There  is  but  little  evidence,  however,  to  show  how  the  level  of  gastric  acidity 
is  affected  when  alkaline  solutions  are  introduced  into  the  stomach,  more  or  less 
continuously  throughout  the  period  of  digestion.  In  view  of  the  findings  of  Bold- 
yreff  (1911)  which  indicate  that  the  gastric  contents  become  more  acid  (hyper- 
acidity) when  there  is  an  insufficient  regurgitation  of  duodenal  juices,  one  might 
expect  to  find  a  lowered  level  of  acidity  in  the  presence  of  an  excessive  duodenal 
regurgitation.     When  fats  are  fed  in  considerable  amounts  they  bring  about 
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a  profuse  influx  of  duodenal  contents  into  the  stomach,  and  at  these  times  there 
is  a  decrease  in  the  acidity  level.  But,  as  fat  is  only  slightly  affected  by  gastric 
juice,  these  experiments  merely  serve  to  demonstrate  how  the  duodenum  may  aid 
the  stomach  in  its  struggle  with  an  unusual  burden. 

While  it  would  be  difficult,  experimentally,  to  increase  or  prolong  the  duodenal 
regurgitation  without  introducing  fat  or  strongly  acid  solutions  into  the  stomach, 
evidence  bearing  on  this  problem  may  be  obtained  by  preparing  animals  in  such 
a  way  that  an  unusual  amount  of  bile  or  pancreatic  juice  enters  the  stomach 
throughout  the  period  of  digestion.  In  an  earlier  report  (Grey)  experiments 
were  cited  in  which  the  total  output  of  bile  was  made  to  flow  through  the  stomach 
in  its  passage  to  the  intestines.  The  present  communication  concerns  certain 
additional  experiments  in  which  the  pancreatic  juice  was  diverted  from  the  duo- 
denum into  the  stomach. 

The  results  of  the  first  investigation  appeared  to  indicate  that  the  presence  in 
the  stomach  throughout  the  course  of  digestion  of  the  entire  output  of  bile  does 
not  materially  affect  the  level  of  gastric  acidity.  Whfle  no  interpretation  of 
these  findings  was  attempted  in  the  published  report  of  the  experiments,  it  was 
apparent,  nevertheless,  that  they  did  not  necessarily  imply  that  bile  is  a  feeble, 
neutralizing  agent,  but  suggested,  rather,  that  there  had  been  a  compensatory 
increase  in  the  secretion  of  hydrochloric  acid  whereby  an  approximately  normal 
level  of  acidity  was  maintained. 

The  analysis  of  the  pure  juice  obtained  from  the  smaller  (Pawlow)  stomachs 
did  not  reveal  any  appreciable  changes  in  the  hydrochloric  acid  content  of  the 
secretion  secured  subsequent  to  the  introduction  of  bile.  This  observation  was 
in  accord  with  the  findings  of  Carlson  (1915,  b)  which  point  to  a  constant  and 
uniform  acidity  of  the  digestion  juice  when  it  is  secreted  at  a  fairly  high  rate. 
A  uniformly  lower  acidity  is  found  under  other  circumstances;  i.e.,  in  the  empty 
stomach  and  in  the  continuous  or  hunger  secretion,  when  the  secretion  rate  is 
low. 

The  protocols  of  these  experiments,  however,  indicate  that  there  was  a  definite 
increase  in  the  quantity  of  the  digestive  juice  secreted  after  the  bile  had  been 
diverted  into  the  stomach.  This  conclusion  has  been  based  upon  a  comparison 
of  the  average  of  between  twenty-five  and  thirty  measurements  made  previous 
to  the  anastomosis  with  a  similar  average  of  a  like  number  of  measurements 
carried  out  subsequent  to  the  operation.  Inasmuch  as  there  is  some  variation 
both  in  the  quantity  and  in  the  acidity  of  the  specimens  secured  from  day  to  day 
under  approximately  constant  conditions,  it  is  not  feasible  to  compare  the  data 
from  any  two  single  observations.  The  figures  taken  from  the  protocol  of  Dog  2 
and  published  in  Table  I  of  the  report  under  discussion  were  chosen  because  they 
furnished  an  accurate  picture  of  the  average  acidity  values,  before  and  after  the 
anastomoses.  They  indicate,  however,  differences  only  of  about  7 J  per  cent  in 
the  two  outputs.  In  this  respect  the  table  was  misleading  since  a  comparison 
of  the  average  amounts  of  juice  secreted  before  and  after  the  anastomoses  re- 
vealed a  considerably  greater  difference  than  this. 
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It  was  obviously  impossible  to  make  quantitative  studies  of  the 
hydrochloric  acid  output  in  the  animals  in  which  samples  of  the  gastric 
contents  were  analyzed — apomorphine  experiments.  But  since  no 
material  change  in  the  acidity  level  was  noted  after  the  introduction 
of  the  bile,  it  seems  justifiable  to  infer  that  a  compensatory  increase 
in  the  gastric  secretion  had  ensued  to  counterbalance  the  unusual 
quantity  of  alkahne  fluid  in  the  stomach. 

Analyses  of  the  secretions  of  the  upper  intestinal  tract  have  shown 
that  a  number  of  them  are  capable  of  neutralizing  more  or  less  add 
in  the  gastric  juice;  i.e.,  saHva,  gastric  mucus,  pyloric  juice,  the  secre- 
tion of  Brunner's  glands,  succus  entericus,  bile,  and  the  pancreatic 
juice.  Of  these  the  pancreatic  juice  is  by  far  the  most  important, 
since  the  alkaUnity  of  this  secretion  is  half  again  as  great  as  that  of 
all  the  other  secretions  combined  (Boldyreff,  1914-15). 

Because  of  the  marked  alkalinity  of  the  pancreatic  juice  and  in 
view  of  the  results  obtained  from  the  bile  experiments,  it  seemed 
important  to  study  the  effects  on  the  level  of  gastric  acidity  of  an 
increased  supply  of  pancreatic  juice  in  the  stomach.  In  the  experi- 
ments to  be  cited  the  larger  pancreatic  duct  of  each  animal  was  trans- 
planted into  the  waD  of  the  stomach  and  the  lesser  duct  ligated  and 
divided. 

This  procedure  afforded  an  opportunity  to  make  certain  additional 
obsers'ations.  It  has  been  the  view  of  some  workers  that  the  hydro- 
chloric acid  in  the  duodenum  is  responsible  for  certain  of  the  patho- 
logical changes  which  are  found  in  the  pancreas.  Hlava,  for  example, 
suggested  that  by  antiperistalsis  hyperacid  gastric  juice  may  be  forced 
from  the  intestine  into  the  pancreatic  duct,  thus  causing  hemorrhagic 
pancreatitis.  If  this  postulation  is  valid  in  any  sense,  then  an  experi- 
mental procedure  such  as  that  mentioned  should  afford  a  favorable 
opportunity  for  the  gastric  juice  to  reach  the  gland  and  set  up  acute 
inflammatory  or  chronic  sclerotic  changes. 

Flexner  injected  hydrochloric  acid  solutions  ranging  in  strength  from  0.5  to 
2  per  cent  into  the  pancreas  and  through  its  duct  and  subsequently  observed 
profound  changes  in  the  organ  corresponding  in  degree  to  the  amount  of  acid  used. 
The  pathological  picture  was  that  of  hemorrhagic  pancreatitis.  However, 
though  these  studies  demonstrated  that  hydrochloric  acid,  as  well  as  certain  other 
agents,  is  capable  of  producing  an  acute  inflanamatory  degeneration,  Flexner  did 
not  offer  his  results  as  evidence  confirming  the  hypothesis  of  Hlava. 
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Dr.  Halsted's  instructive  case  of  stone  in  the  ampulla  of  Vater  and  Opie's 
experiments . have  shown  the  great  significance  of  one  of  the  duodenal  juices — 
bile — in  pancreatic  diseases.  But  the  manner  of  entry  of  the  bile  into  the  pan- 
creatic duct  in  these  instances  is  essentially  different  from  that  suggested  by  Hlava. 
In  Opie's  opinion  there  is  no  satisfactory  proof  to  indicate  that  the  hydrochloric 
acid  is  instrumental  in  bringing  about  such  a  disease. 

Methods. 

The  present  report  is  based  upon  the  results  obtained  from  experi- 
ments carried  out  on  seven  dogs.  A  number  of  additional  animals 
were  used  in  the  early  part  of  the  work,  but  they  were  employed 
solely  in  solving  the  surgical  aspects  of  the  problem. 

Inasmuch  as  the  principal  purpose  of  the  investigation  was  to 
follow  the  changes  in  the  acidity  level  of  the  stomach,  it  seemed  best 
to  analyze  specimens  of  the  test  meals  instead  of  studying  the  pure 
gastric  juice  as  was  done  in  some  of  the  bile  experiments  referred  to 
above.  For  this  purpose  the  gastric  fistula  as  devised  by  Janeway 
proved  to  be  satisfactor}^  All  the  animals  were  anesthetized  with 
ether. 

A  small  three-sided  piece  of  stomach  wall  was  turned  down  toward 
the  greater  curvature.  This  constituted  a  rectangular  flap  with  its 
blood  supply  intact.  By  sewing  the  lateral  margins  together  and 
closing  the  opening  in  the  gastric  wall  a  small  tube  was  formed  which 
was  lined  throughout  by  mucous  membrane.  The  distal  end  was 
then  sewed  into  the  abdominal  wall,  care  being  taken  to  anchor  it  to 
the  peritoneum,  fascia,  and  skin.  The  mucosa  and  skin,  of  course, 
were  sutured  together.  In  experimenting  with  the  reconstruction 
a  very  important  feature  was  noted.  During  the  first  weeks  subse- 
quent to  the  operation  there  is  a  marked  retraction  of  the  new  tube 
toward  the  peritoneal  cavity,  with  a  definite  contraction  of  the  ex- 
ternal opem'ng.  The  effects  of  these  changes,  however,  may  be  greatly 
minimized  if  care  is  exercised  during  the  operative  procedure  to  anchor 
the  tube  in  the  abdominal  parietes  so  that  it  protrudes  for  several 
centimeters  above  the  level  of  the  skin.  This  may  be  done  without 
embarrassing  the  blood  supply.  It  leaves  a  wide  cuff  of  gastric 
mucosa  exposed  on  the  surface.  When  the  skin  margins  are  loosely 
attached  to  the  latter,  a  considerable  contraction  of  the  opening  may 
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take  place  without  in  any  way  stenosing  the  canal.  Fistulas  con- 
structed on  this  plan  will  remain  patent  for  many  months.  Fre- 
quent catheterization  with  only  the  most  gentle  manipulations  serves 
to  keep  the  tract  clean. 

Inspection  of  one  of  these  fistulas  3  or  4  months  subsequent  to  its 
construction  shows  a  lead-pencil-like  tube,  4  or  5  cm,  in  length, 
extending  through  the  peritoneal  cavity  from  the  abdominal  wall  to 
the  stomach.  This  arrangement  probably  interferes  but  little  with 
the  normal  gastric  movements.  After  the  heartiest  meal  and  even 
during  emesis  there  is  no  loss  of  stomach  contents  from  the  canal. 

While  the  experiments  are  still  in  progress  concerning  the  trans- 
plantation of  the  pancreatic  duct,  devoid  of  duodenum,  into  the 
stomach  wall,  no  satisfactory  results  of  this  nature  were  secured  dur- 
ing the  course  of  the  work  reported  here.  However,  it  was  found 
possible  to  resect  a  very  short  cylinder  of  duodenum,  approximately 
2  cm.  in  length,  containing  the  orifice  of  the  major  pancreatic  duct, 
and,  after  closing  one  end,  to  transplant  the  opposite  opening  into 
the  posterior  wall  of  the  stomach.  Since  this  segment  of  small 
bowel  devoid  of  its  blood  supply  may  atrophy  and  lead,  as  one  of  the 
earliest  specimens  demonstrated,  to  a  stenosis  of  the  duct,  it  was 
found  necessary  always  to  preserve  the  vessels  of  the  transplanted 
duodenum.  When  care  is  exercised  this  may  be  accomplished  with- 
out great  difficulty.  An  end  to  end  anastomosis  then  established  the 
continuity  of  the  duodenum.  The  lesser  pancreatic  duct  which 
opens  into  the  duodenum  together  with  the  common  bile  duct  was 
now  identified  by  dissection,  doubly  ligated,  and  divided. 

While  the  transplantation  of  the  pancreatic  duct  leads  to  a  dis- 
placement of  the  adjoining  parts  of  the  pancreas,  the  new  arrange- 
ment does  not  cause  undue  tension  on  the  vessels  which  supply  this 
organ.  The  operation  is  readily  carried  out  through  a  high  right 
rectus  or  midline  incision. 

A  standard  mixture  of  70  gm.  of  ground,  raw,  lean  beef  and  75  cc. 
of  tap  water  was  used  as  a  test  meal.  Samples  were  withdrawn  for 
analysis  2  and  3  hours  after  the  ingestion  of  the  meal.  These  periods 
were  chosen  for  two  reasons.  In  the  first  place,  it  was  found  that  at 
shorter  intervals  following  the  ingestion  of  the  test  meals  the  food 
had  not  undergone  sufficient  digestion;  and  after  longer  intervals 
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it  was  frequently  very  difficult  to  secure  specimens  for  analysis,  the 
ingesta  apparently  having  left  the  stomach  in  large  part.  In  the 
second  place,  it  has  been  shown  (Carlson,  1915,  a)  that  the  quantity 
of  gastric  juice  yielded  by  a  dog's  accessory  stomach  (Pawlow)  during 
the  first  2  hours  on  a  moderate  meal  of  meat  is  about  one-half  that 
secreted  for  the  entire  digestive  period.  And  from  McClendon's 
experiments  on  man  it  appears  that  the  acidity  of  the  adult  stomach 
rises  during  the  first  1|  to  3  hours  subsequent  to  a  meal,  after  which 
it  remains  stationary  until  the  food  has  nearly  all  left  the  stomach. 

Care  was  taken  to  conduct  the  observations  in  the  forenoon  18 
hours  after  the  last  meal.  The  dogs  received  the  same  diet  each  day. 
Water  was  withdrawn  after  the  test  meals  had  been  given.  But 
throughout  the  balance  of  the  day  the  animals  were  permitted  to 
take  as  much  water  as  they  desired.  The  amount  of  exercise,  the 
quantity  of  food,  and  the  environmental  conditions  remained  con- 
stant throughout  the  weeks  of  study. 

Several  dozen  test  meals  were  given  in  each  case.  The  average 
results  obtained  under  these  conditions  were  taken  to  represent  fairly 
accurately  the  normal  acidity  of  the  chyme.  In  withdrawing  samples 
for  analyses  care  was  exercised  to  discard  the  contents  of  the  fistula 
itself.  The  end  of  a  soft  rubber  catheter  gently  introduced  a  few 
centimeters  into  the  stomach  cavity  was  connected  with  a  stoppered 
flask.  Attached  to  one  arm  of  the  latter  was  a  large  syringe.  The 
suction  created  by  withdrawing  the  plunger  usually  resulted  in  a  dis- 
charge of  sufficient  juice  for  study. 

For  the  quantitative  estimation  of  trj^psin  in  the  gastric  contents 
Spencer's  modification  of  the  Ehrenreich  test  was  used. 

The  acidity  determinations  were  made  by  titrating  1  cc.  of  the 
sample  against  /^  sodium  hydroxide,  using  dimethylaminoazobenzene 
and  phenolphthalein  as  indicators.  The  values  have  been  expressed 
as  the  number  of  cubic  centimeters  of  0.1  n  sodium  hydroxide  neces- 
sary to  neutralize  100  cc.  of  gastric  contents. 

RESULTS. 

Early  in  the  course  of  the  work  it  was  noted  that  when  test  meals 
were  given  to  the  same  am'mal  on  different  days,  under  conditions 
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as  similar  as  possible,  samples  of  the  gastric  contents  showed  con- 
siderable variation  in  the  hydrochloric  acid  content.  Corresponding 
observations  had  been  made  during  the  course  of  the  bile  experiments 
discussed  above.  It  was  necessary,  accordingly,  to  repeat  the  analyses 
a  great  number  of  times  and  average  the  results  in  order  to  secure  an 
accurate  picture  of  the  acidity  level  at  the  periods  of  digestion  chosen ; 
i.e.,  2  and  3  hours  after  the  ingestion  of  the  meal.  This  mean  was 
estabHshed  both  before  and  after  the  transplantation  of  the  duct  for 
each  animal. 

TABLE    I. 


Dog  No. 

Before  transplantation 
of  the  duct. 

After  transplantation 
of  the  duct. 

Interval 
between  the 
fistula  opera- 
tion and  the 
transplan- 
tation. 

Interval 

between  the 

transplantation 

and  the  first 

2  his. 

3  hrs. 

2  hrs. 

3  hrs. 

analysis. 

1* 

2* 
3* 
4* 

5* 
6* 

7J 

104t 
107 
108 
103 

91 

96 
112 

93 
100 

122 

115 

79 

82 

120 

113 
122 
125 
112 
85 
91 
108 

67 

74 
98 
83 
57 
■  67 
73 

days 
30 
32 
45 
47 
54 
55 

107 

days 

33 
22 
28 
29 
15 
20 
74 

*  Test  meal:  70  gm.  of  meat  plus  75  cc.  of  water. 

t  Acidity  values  are  expressed  as  the  number  of  cubic  centimeters  of  0.1  n 
sodium  hydroxide  necessary  to  neutralize  100  cc.  of  gastric  contents. 
X  Test  meal :  100  gm.  of  meat  plus  70  cc.  of  water. 


In  Table  I  the  acidity  values  for  each  dog  represent  the  average 
of  the  figures  obtained  in  from  ten  to  thirty  separate  analyses.  The 
necessity  for  this  mean  has  been  emphasized  by  Foster  and  Lambert 
who  beheve  that  limitations  of  variabihty  must  be  computed  for 
each  animal  experimented  upon,  and  that  the  only  idea  of  limitation 
of  function  that  we  can  gain  must  depend  upon  an  average  computed 
from  the  data  for  a  number  of  animals.  In  the  paper  of  Long  and 
Hull  the  tables  indicate  a  similar  variation  of  the  acid  content  from 
day  to  day. 

In  order  to  ascertain  whether  any  relation  might  exist  between  the 
level  of  gastric  acidity  and  the  interval  of  time  elapsing  from  the  date 
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of  the  operative  procedure  to  that  of  the  analyses,  the  time  factor 
was  changed  throughout  the  experiments.  Though  the  animals  were 
studied  over  varying  periods,  from  100  (Dog  5)  to  228  days  (Dog  7), 
no  such  relation  was  discernible. 

From  a  study  of  the  figures  in  the  table  it  is  evident  that  in 
three  animals  (Dogs  5,  6,  and  7)  the  acidity  level  of  the  gastric 
contents  was  lowered  by  the  introduction  of  pancreatic  juice  into 
the  stomach,  both  at  the  2  hour  and  at  the  3  hour  period  of  di- 
gestion. In  Dog  7  the  reduction  was  especially  marked  during  the 
second  period.  On  the  other  hand,  the  analyses  in  four  of  the  animals 
(Nos.  1,  2,  3,  and  4)  showed  a  slight  increase  of  acid  in  the  2  hour 
specimen,  but  a  decrease  in  the  specimens  secured  at  the  3  hour  period. 
While  four  of  the  seven  dogs  were  thus  found  to  have  a  higher  level 
of  gastric  acidity  subsequent  to  the  transplantation  of  the  pancreatic 
duct  at  the  2  hour  period,  it  is  noteworthy  that  in  all  the  animals  the 
acidity  level  fell  at  the  3  hour  period.  Moreover,  in  each  of  the  latter, 
following  the  transplantation  of  the  duct,  the  percentage  of  hydro- 
chloric acid  in  the  stomach  contents  was  less  at  the  3  hour  period 
than  it  was  previous  to  the  operation  at  the  2  hour  period. 

A  further  analysis  of  the  table  shows  that  in  three  dogs  (Nos.  3,  4, 
and  7)  before  the  pancreas  had  been  disturbed,  specimens  of  test 
meal  contained  more  acid  3  hours  after  the  ingestion  of  the  food  than 
an  hour  earlier  than  this ;  whereas  the  relationship  was  reversed  in  the 
remaining  animals.  These  findings  probably  have  their  explanation 
in  the  fact  that  the  dogs  varied  in  size.  In  the  smaller  animals  the 
process  of  gastric  digestion  was  more  prolonged.  Subsequent  to 
the  operations,  however,  the  specimen  secured  in  the  second  period 
of  digestion,  in  every  case,  contained  less  acid  than  that  withdrawn 
during  the  first  period.  The  constancy  of  this  finding  we  may  fairly 
attribute  to  the  altered  chemical  conditions  in  the  stomach  induced 
by  the  pancreatic  juice. 

The  experiments  as  a  whole  thus  appear  to  indicate  that  the  pres- 
ence of  a  large  quantity  of  pancreatic  juice  in  the  stomach  through- 
out the  period  of  digestion  leads  to  a  moderate  reduction  of  the  acidity 
level  in  the  later  stages  of  digestion.  Earlier  in  the  process  there  is 
no  constant  alteration  of  the  acid  content  in  either  direction.  The 
surprising  feature  of  these  results  would  seem  to  be  the  maintenance 
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of  a  relatively  high  acidity  level  in  the  presence  of  the  large  amount 
of  pancreatic  juice. 

In  view  of  the  part  played  by  the  pancreatic  juice  in  the  self- 
regulating  mechanism  described  by  BoldyrefT  one  might  have  antic- 
ipated, under  these  circumstances,  a  material  reduction  in  the  acidity 
level.  The  absence  of  such  a  result,  however,  is  really  in  keeping 
with  BoldyrefT's  hypothesis. 

One  of  the  controlling  factors  in  the  mechanism  is  the  mucosa  of 
the  duodenum.  Hyperacid  stomach  contents  reaching  this  part  of 
the  digestive  tract  irritate  the  mucous  membrane,  and  the  latter,  in 
turn,  serves  to  bring  about  a  reduction  of  the  acidity  level  of  the 
stomach  through  a  regurgitation  of  alkaline  duodenal  juices.  This 
tjqDe  of  self  regulation,  however,  ensues  only  when  the  hydrochloric 
acid  content  of  the  chyme  is  above  normal.  When  alkaline  materials 
have  lowered  the  acidity  level  a  different  process  is  called  into  action. 

Experiments  have  shown  that  following  the  introduction  of  alkaline 
solutions  into  the  stomach  the  gastric  glands  respond  with  a  dis- 
charge of  juice  in  an  endeavor,  it  would  appear,  to  restore  the  gastric 
acidity  to  the  normal  level.  The  presence  of  a  considerable  quantity 
of  pancreatic  juice  in  the  stomach,  of  course,  leads  to  a  similar  dis- 
turbance of  the  acidity  level.  Accordingly  under  these  circumstances 
one  would  also  expect  to  find  an  increase  in  the  gastric  secretion.  Now 
it  has  been  shown  (Table  I)  that  a  more  or  less  continuous  influx  of 
pancreatic  juice  into  the  stomach  throughout  the  period  of  gastric 
digestion  only  depresses  the  acidity  level  in  the  later  stages  of  digestion. 
This  we  can  explain  only  by  assuming  that  in  the  experiments  men- 
tioned there  was  an  augmented  secretion  of  hydrochloric  acid  through- 
out the  digestive  cycle  corresponding  to  the  continuous  influx  of 
alkaline  fluid  from  the  pancreas.  These  quantitative  changes  in  the 
outflow  of  the  juice  were  observed  in  certain  of  the  bile  experiments, 
referred  to  above. 

In  the  work  hitherto  reported  the  activity  of  the  stomach,  as  far 
as  it  concerns  this  phase  of  the  self -regulating  mechanism,  has  only 
been  followed  by  the  introduction  into  the  stomach  of  a  given  quantity 
of  some  alkaline  solution.  These  experiments,  however,  afford  us 
an  opportunity  to  watch  the  reactions  of  the  stomach  to  alkaline 
material  repeatedly  administered  throughout  the  digestive  cycle. 


834  DIVERSION   OF   THE   PANCREATIC  JUICE 

The  results  obtained  serve  to  draw  attention  to  the  remarkable 
capacity  of  the  stomach  to  maintain  a  relatively  high  acidity  of  its 
contents.  In  the  past  perhaps  undue  emphasis  has  been  laid  on  the 
occurrence  of  duodenal  regurgitation.  We  shall  probably  be  more 
exact  in  our  conception  of  the  mechanism  which  controls  the  level 
of  gastric  acidity  when  we  constantly  bear  in  mind  that  it,  in  turn, 
depends  upon  two  more  or  less  distinct,  subsidiary  mechanisms. 
One  of  these  concerns  the  neutralization  of  hyperacid  chyme  through 
duodenal  regurgitation.  The  other,  a  gastric  process,  provides  for 
an  outpouring  of  gastric  juice  when  the  stomach  contents  are  below 
the  normal  acidity. 

These  findings  have  more  or  less  clinical  significance  since  it  is  not 
at  all  certain,  at  present,  how  much  of  the  favorable  results  obtained 
from  the  medical  treatment  of  gastric  ulcer  is  due  to  a  lowering  of  the 
acidity  level.  Carlson  (1917)  suggests  that  the  relief  from  pain  fol- 
lowing the  administration  of  alkahs  or  following  gastroenterostomy 
may  be  due  to  other  factors  than  the  effect  on  the  gastric  juice.  These 
factors  may  also  explain,  in  part,  the  excellent  results  observed  after 
the  Finney  pyloroplasty  since  this  operation  affords  ideal  conditions 
for  the  entrance  of  duodenal  juices  into  the  stomach. 

The  possibility,  of  course,  must  be  borne  in  mind  that  subsequent 
to  the  transplantation  of  the  duct  into  the  stomach  wall,  the  pan- 
creas may  have  ceased  discharging  juice.  Against  this  assumption, 
however,  there  is  more  or  less  conclusive  evidence.  In  the  first 
place,  the  results  from  the  analyses  indicate  that  there  was  a  slight 
depression  of  the  acidity  level  at  the  3  hour  period  of  digestion  after 
transplantation  of  the  duct,  a  finding  to  which  there  was  no  exception 
among  the  seven  animals  used.  This  pointed  to  an  alteration  in  the 
chemistry  of  the  stomach.  In  the  second  place,  histological  study 
of  the  parts  of  the  pancreas  adjacent  to  the  large  duct  disclosed  no 
discernible  pathological  changes  such  as  would  be  expected  were  the 
duct  occluded.  In  Hess'  experience  ligation  of  the  ducts  of  the  pan- 
creas leads  to  a  sclerosis  of  the  entire  gland.  The  amount  of  sclerosis 
is  proportional  to  the  size  of  the  duct  which  has  been  ligated,  together 
with  the  number  of  its  communications.  What  is  more,  special 
stains  demonstrated  that  the  cells  in  this  neighborhood  were  charged 
with  secretion  granules  and,  accordingly,  that  they  were  in  an  active 
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State.  In  the  third  place,  the  results  obtained  from  the  trypsin 
determinations  pointed  toward  the  presence  of  an  unusual  quantity 
of  pancreatic  juice  in  the  stomach  subsequent  to  the  transference  of 
the  duct  from  the  duodenum  to  the  stomach.  And,  finally,  dissection 
of  the  specimens  removed  at  necropsy  showed  in  each  instance  a 
patent  duct  opening  into  the  small  duodenal  transplant,  with  a 
spacious  communication  between  the  latter  and  the  stomach.  In 
one  animal  the  postmortem  examination  was  made  about  120  days 
subsequent  to  the  operation  on  the  pancreas. 

The.  most  convincing  evidence  that  pancreatic  juice  is  regularly 
discharged  into  the  stomach  after  this  plastic  operation  is  afforded 
by  the  results  which  have  been  obtained  in  some  more  recent  experi- 
ments concerning  duodenal  extirpation.  While  this  work  is  still 
incomplete  it  has  nevertheless  shown  that  in  duodenectomized  animals 
where  the  major  pancreatic  duct  has  been  transplanted  into  the 
gastric  wall  the  pancreas  remains  histologically  normal  at  the  end  of 
the  5th  week.  For  reasons  which  will  be  discussed  in  a  subsequent 
communication  these  animals  have  succumbed  at  about  the  end  of 
that  period.  The  fact,  however,  that  no  changes  of  an  atropliic 
nature  were  ever  discovered  in  the  pancreas  at  postmortem  examina- 
tion, together  with  the  invariable  finding  of  a  definite  gastritis,  furnish 
reliable  evidence  that  the  pancreas  continued  to  discharge  its  external 
secretion  into  the  digestive  tract  through  its  new  communication 
with  the  stomach. 

Making  use  of  a  modification  of  Ehrenreich's  test,  Spencer,  Meyer, 
Rehfuss,  and  Hawk  studied  the  trypsin  values  of  the  gastric  contents 
in  man  under  varying  conditions.  The  results  of  their  experiments 
serve  to  substantiate  the  regurgitation  hypothesis  of  Boldyreff,  and 
indicate  that  tryptic  digestion  frequently  proceeds  in  the  normal 
stomach.  In  view  of  this  work  an  attempt  was  made  to  follow  the 
trypsin  values  of  the  stomach  contents  from  two  dogs  (Nos.  3  and  7) 
both  previous  and  subsequent  to  the  operation  on  the  pancreas.  The 
test  was  repeated  a  considerable  number  of  times  with  each  animal. 

Practically  no  digestion  was  ever  noted  in  the  tests  carried  out  on 
normal  animals.  Following  the  transplantation  of  the  major  pan- 
creatic duct  into  the  stomach,  however,  there  was  a  definite  digestion 
of  casein.     A  certain  variation  in  the  tryptic  activity  of  the  gastric 
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contents  was  appreciable  from  day  to  day,  but  this  did  not  serve  to 
obscure  the  difference  referred  to. 

The  new  conditions  established  by  the  transplantation  of  the  duct 
probably  led  to  definite  changes  in  the  rate  and  character  of  digestion, 
both  in  the  stomach  and  in  the  duodenum.  Many  beheve  that 
gastric  juice  is  pecuUarly  destructive  to  the  pancreatic  ferment  by 
virtue  of  the  action  of  hydrochloric  acid  on  the  enzyme.  As  Long 
and  Hull  have  shown,  however,  this  may  not  actually  be  the  case. 
Some  tryptic  digestion  may  occur  within  the  stomach  provided  the 
free  acid  remains  sufficiently  low  through  protein  combinations. 
Interesting  as  this  aspect  of  the  problem  is,  no  further  observations 
concerning  digestion  were  carried  out. 

The  animals  were  kept  under  observation  for  varying  periods. 
Dog  7  was  killed  121  days  subsequent  to  the  transplantation  of  the 
pancreatic  duct.  At  that  time  it  was  in  perfect  health,  having  weaned 
a  litter  of  well  nourished  pups  a  few  days  previously.  In  the  series 
of  seven  dogs  there  was  one  death  (Dog  1).  This  animal  was  active 
and  appeared  to  be  in  good  condition  up  to  a  few  days  before  it  died. 
At  autopsy  no  satisfactory  cause  of  death  was  discovered.  There 
were  many  intestinal  worms,  but,  as  most  of  the  laboratory  animals 
harbor  parasites  of  this  nature,  the  findings  may  have  no  practical 
significance.  Of  the  remaining  five  animals  three  were  moderately 
well  nourished  and  two  rather  undernourished  when  they  were 
killed.     All  of  them,  however,  ate  heartily  of  their  food. 

Postmortem  examination  revealed  an  interesting  condition  at  the 
site  of  the  transplantation.  In  each  animal  there  was  a  tiny  pouch 
of  duodenum  attached  to  the  stomach.  The  fine  of  demarcation 
between  the  two  was  clearly  evident,  and  as  far  as  the  macroscopic 
features  were  concerned,  there  was  little  to  differentiate  the  transplant 
from  the  neighboring  duodenum.  It  retained  some,  if  not  all,  of  its 
original  blood  supply. 

The  major  pancreatic  duct  was  readily  found  opening  into  the  base 
of  the  pouch.  Inspection  of  the  wall  showed  it  to  be  soft  and  of 
normal  caliber,  and  on  instrumentation  the  duct  admitted  a  relatively 
large  probe.  There  were  no  signs  of  atresia  of  the  duct  in  any  of  the 
seven  specimens  examined.  A  search  was  made  in  each  case  for  any 
possible  accessory  communications  between  the  gland  and  the  duo- 
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denum.  We  know  from  the  studies  of  Hess  on  the  canine  pancreas 
that  there  may  be  three  and  occasionally  four  ducts  opening  into  the 
duodenum.  The  main  duct  which  arises  from  the  union  of  two  large 
branches  drains  the  principal  canal  system  of  the  pancreas.  The 
accessory  duct  Hes  more  oralward  and  opens  into  the  intestinal  lumen 
in  association  with  the  ductus  choledochus.  Between  the  two  lies 
a  smaller  communicating  channel.  A  fourth  duct  may  connect  the 
pars  descendens  with  the  duodenum. 

In  none  of  the  specimens  was  the  accessory  duct  found.  But 
the  search  was  not  complete  in  any  case  since  it  was  necessary  to 
preserv^e  the  structures  for  histological  study.  In  two  of  the  seven 
animals  a  very  small  communication  was  found  opening  into  the  duo- 
denum just  proximal  to  the  site  of  the  end  to  end  anastomosis.  If  a 
third  duct  of  this  type  had  been  present  in  the  other  animals  it  seemed 
probable  at  the  time  of  the  necropsies  that  it  had  been  destroyed  in 
the  course  of  the  transplantations  and  the  anastomoses. 

The  observations  which  have  since  been  made  on  the  duodenec- 
tomized  animals,  however,  indicate  clearly  that  some  accessory 
communication  between  the  pancreas  and  the  intestine  must  have 
existed  in  each  dog  of  the  series,  since  the  discharge  into  the  stomach 
of  the  total  output  of  pancreatic  juice  leads  to  profound  changes  in 
nutrition  and  to  the  development  of  a  definite  gastritis,  and  evidences 
of  these  processes  were  never  discovered  in  any  of  the  animals  under 
discussion. 

In  gross  the  pancreas  seemed  normal  in  every  way  except  that  it 
gave  the  impression  of  being  somewhat  smaller  than  usual.  The 
mucosa  of  the  duodenal  transplant,  of  the  stomach,  and  of  the 
intestine  throughout  its  length  showed  no  signs  of  ulceration  or  scle- 
rotic changes.  There  was  no  injection  even  in  the  vicinity  of  the  pan- 
creatic duct.  Lonnq^^st  has  reported  a  temporary  catarrhal  con- 
dition of  the  gastric  mucous  membrane  following  a  profuse  reflux 
of  bile  and  pancreatic  juice  into  the  stomach.  There  was  nothing, 
however,  either  in  the  anatomical  findings  or  in  the  characteristics 
of  the  samples  of  test  meal  removed  to  suggest  this  condition  in  any 
of  these  animals.  But  the  experiences  \\ith  duodenectomized  animals 
have   since    demonstrated    that    pathological    changes    make    their 


838  DIVERSION   OF   THE   PANCREATIC  JUICE 

appearance  in  the  stomach  as  soon  as  the  total  quantity  of  the  pan- 
creatic secretion  is  diverted  into  the  viscus. 

Histological  study  of  the  pancreas  disclosed  no  inflammatory  or 
degenerative  changes.  It  should  be  emphasized,  nevertheless,  that 
sections  were  prepared  only  from  the  central  portions  of  the  gland. 
Had  the  tissue  adjoining  the  lesser  duct  been  studied  it  is  possible 
that  the  examination  might  have  revealed  some  atrophic  changes.  In 
four  of  the  specimens  sections  were  prepared  with  the  acid  fuchsin- 
methylene  green  stain  of  Bensley.  With  this  technique  the  cells 
were  seen  to  be  filled  with  secretion  granules.  The  preparations 
examined  were  considered  to  represent  normal  tissue.' 

The  urine  of  one  animal  was  followed  for  a  number  of  weeks  sub- 
sequent to  the  second  operation  (transplantation  of  the  pancreatic 
duct).  While  some  reducing  substances  were  occasionally  encoun- 
tered the  findings  at  no  time  suggested  the  presence  of  sugar. 

SUMMARY   AND    CONCLUSIONS. 

The  mechanism  described  for  maintaining  the  optimum  level  of 
gastric  acidity  is  designated  by  Boldyreff  as  the  "self  regulation  of  the 
acidity  of  the  contents  of  the  stomach."  In  support  of  Boldyreff's 
hypothesis  is  the  evidence  obtained  from  many  experiments  carried 
out  both  on  man  and  on  animals,  in  which  solutions  of  alkali  and  acid 
have  been  placed  in  the  stomach.  The  introduction  of  acid  fluid  has 
led  to  a  regurgitation  of  alkaline  duodenal  contents,  whereas  the  intro- 
duction of  alkaline  solutions  has  called  forth  a  secretion  of  acid 
gastric  juice. 

The  experiments  reported  in  this  paper  were  carried  out  for  the 
purpose  of  ascertaining  how  the  stomach  would  react,  in  as  far  as 
the  secretion  of  hydrochloric  acid  is  concerned,  to  a  more  or  less  con- 
tinuous influx  of  relatively  strong  alkaline  fluid,  prolonged  through- 
out the  cycle  of  digestion.  Numerous  studies  have  shown  that  any 
serious  interference  with  the  process  of  regurgitation  leads  to  a  rise 
in  the  acidity  level  of  the  stomach;  i.e.,  to  a  state  of  hyperacidity. 
There  is  but  little  evidence,  however,  to  indicate  whether  the  acidity 
level  will  be  depressed  temporarily  or  permanently   (hypoacidity) 

^  Dr.  E.  Goetsch  examined  these  preparations. 
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when  alkaline  material,  in  considerable  amounts,  continues  to  enter 
the  stomach. 

The  influx  of  alkaline  fluid  was  provided  for  by  transplanting  the 
larger  pancreatic  duct  into  the  wall  of  the  stomach  after  ligating  and 
dividing  the  lesser  duct.  Specimens  of  test  meal  for  analysis  were 
withdrawn  through  gastric  fistulas  made  after  the  method  of  Janeway. 

Animals  prepared  in  this  manner  served  also  to  furnish  additional 
information  regarding  the  possible  relation  of  the  hydrochloric  acid 
of  the  gastric  juice  to  certain  acute  inflammatory  and  chronic  sclerotic 
changes  in  the  pancreas. 

From  the  results  of  these  experiments  it  appears  that  the  pres- 
ence of  a  considerable  amount  of  pancreatic  juice  in  the  stomach 
throughout  the  period  of  digestion  leads  only  to  a  moderate  decrease 
in  the  acidity  level  of  the  ingesta  in  the  later  stages  of  digestion. 
Earlier  in  the  process  there  is  no  constant  alteration  of  the  acidity 
level  in  either  direction.  The  findings  then  serve  not  only  to  corrob- 
orate the  views  of  Boldyreff,  but  also  to  demonstrate  the  remarkable 
compensatory  activity  of  the  gastric  glands  under  conditions  which 
entail  an  unusual  quantity  of  alkali  in  the  stomach. 

In  addition  the  work  has  shown  that  when  the  larger  pancreatic 
duct  is  properly  transplanted  into  the  wall  of  the  stomach,  it  may 
remain  patent  for  months.  In  animals  in  which  this  operative 
procedure  has  been  carried  out,  the  pancreas  has  been  found  to  under- 
go no  inflammatory  or  other  degenerative  changes.  This  finding  is 
regarded  as  evidence  against  the  postulation  of  Hlava  that  gastric 
juice  is  probably  responsible  for  the  occurrence  of  certain  cases  of 
acute  hemorrhagic  pancreatitis. 
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INTRODUCTION. 

The  following  data  as  to  the  bactericidal  action  of  ultra-violet 
light  on  typhoid  bacilH  were  obtained  by  a  method  different  from  that 
heretofore  used  and  the  results  give  additional  evidence  toward  set- 
tling certain  disputed  phases  of  the  subject. 

In  1910^  and  again  in  1912^  Victor  Henri  and  his  associates  published  articles  on 
this  subject  in  which  they  give  evidence  to  show  that  the  bactericidal  effect  of  ultra- 
violet light  first  becomes  appreciable  at  3000  Angstrom  units,  and  increases  pro- 
gressively from  there  downward  toward  2150  Angstrom  units.  The  amount  of  this 
progressive  increase  they  did  not  make  clear.  The  evidence  tended  to  show  that 
there  was  no  maximum  in  this  region.  The  organisms  were  exposed  directly 
to  the  ultra-violet  light  source,  so  arranged  as  to  limit  to  a  certain  extent  its 
spectral  range.  This  limitation  was  effected  by  choosing  three  sources  of  ultra- 
violet light  such  that  their  intensities  in  various  regions  were  quite  different,  and 
to  emphasize  further  this  difference  the  spectral  distribution  of  their  radiation 
was  cut  down  by  the  interposition  of  one  of  six  light-screens.  It  is  difficult 
from  the  tables  of  data  to  follow  them  to  their  conclusions.  The  upper  limit  for 
the  action  of  ultra-violet  light  they  fixed  by  screening  out  the  lower  wave-lengths 
with  glass  and  determining  the  amount  of  screening  necessary  to  prevent  the 
effect. 

Browning  and  Russ^  state  that  they  prepared  plates  by  making  a  thin  spread  of 
bacteria  on  glass-supported  films  of  nutrient  material.    These  were  exposed  in 

^  Cernovodeanu,  P.,  and  Henri,  V.,  Compt.  rend.  Acad.,  1910,  cl,  52,  549. 
^  Henri  and  Henri,  Compt.  rend.  Acad.,  1912,  civ,  315. 

'  Browning  and  Russ  read  a  paper  on  this  subject  recently  before  the  Royal 
Society  which  has  not  yet  appeared  in  print.  Their  reading  is  abstracted, 
however,  in  the  Brit.  Med.  J.,  1917,  i,  656. 

As  this  proof  goes  to  print  the  paper  of  Browning  and  Russ  has  appeared 
(Browning,  C.  H.,  and  Russ,  S.,  Proc.  Roy.  Soc.  London,  Series  B,  1917,  xc,* 
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the  manner  of  a  photographic  plate  at  the  back  of  a  quartz  spectrograph.  The 
sterilizing  action  of  the  light  gave  a  photograph  of  the  active  portion  of  the  spec- 
trum.    They  fixed  2960  Angstrom  units  as  the  upper  limit  of  effective  light. 

Lymann"*  has  shown  that  the  abiotic  effect  of  ultra-violet  light  increases  rapidly 
below  2000  Angstrom  units  to  become  almost  instantaneous  at  1750.  The 
lower  limit  of  sensitivity  has  not  been  fixed.  I  have  shown  in  a  previous  paper^ 
that  typhoid  bacilli  are  slightly  sensitive  in  the  x-ray  region  (1  Angstrom  unit). 
There  may,  however,  be  one  or  more  minima  between  1  and  1750  Angstrom 
units. 

Method. 

My  experiments  differ  from  previous  ones  in  that  w^ater  is  used  as  a 
medium  for  the  organisms.  Experiments  with  the  x-rays  and  with 
chemicals  seem  to  show  that  nutrient  media  often  protect  the  organ- 
isms from  the  action  of  abiotic  agents.  My  experiments  further 
differ  from  those  of  Henri  and  his  associates  in  that  the  Hght  incident 
on  the  organisms  is  confined  in  each  case  by  the  use  of  a  quartz 
spectrograph  to  a  very  narrow  region  of  the  spectrum. 

In  the  following  experiments  I  have  used  a  fresh  water  suspension 
of  typhoid  bacilli.  A  uniform  quantity  of  the  suspension  was  taken 
up  on  a  platinum  loop  and  used  to  fill  a  quartz  capillary  by  capillary 
action.  The  quartz  capillary  was  then  fixed  in  an  appropriate 
graduated  rack  in  the  focal  plane  of  a  quartz  spectrograph  and  so 

3Z).  They  found  the  cessation  of  abiotic  action  to  be  sharply  at  2960  Angstrom 
units  for  Staphylococcus  aureus,  and  slightly  higher,  at  3000  Angstrom  units,  for  B. 
typhosus.  An  excellent  plate  for  Staphylococcus  aureus  accompanying  the  article 
would  indicate  that  the  fall  in  abiotic  action  becomes  perceptible  at  2900  Ang- 
strom units  and  comes  to  zero  at  2960  Angstrom  units.  My  quantitative 
data,  graphically  illustrated  in  Text-fig.  1,  show  that  this  fall  to  2960  Angstrom 
units  is  not  so  sharp  as  their  plate  would  lead  one  to  suppose.  The  probability 
that  long  exposures  to  sunlight  have  a  killing  effect  would  indicate  that  the 
curve  of  the  figure  approaches  the  horizontal  axis  asymptotically,  that  the  curve 
is  concave  to  the  right  as  shown,  rather  than  convex  to  the  right,  as  an  abrupt 
fall  to  zero  would  imply.  My  actual  numerical  data  further  imply  this  con- 
cavity. Browning  and  Russ  required  much  longer  exposures  to  kill  the  organ- 
isms than  I  did.  My  spectrograph  is  the  same  as  theirs  and  my  iron  spark  is 
probably  not  brighter  than  the  tungsten  arc  which  they  used.  The  differences 
in  exposure  required  by  us  would  therefore  seem  to  offer  interesting  corroborative 
evidence  as  to  the  protective  effect  of  a  nutrient  medium  for  bacteria. 

*  Lymann,  T.,  Spectroscopy  of  the  extreme  ultra-violet,  London,  1914,  103. 

'  Newcomer,  H.  S..  J.  Exp.  Med.,  1917,  xxvi,  657. 
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exposed  to  a  narrow  region  of  the  spectrum.  After  exposure  the 
contents  of  the  capillary  were  washed  out  and  rinsed  by  suction  in 
liquid  agar  and  plated,  the  plates  incubated,  and  counts  made.  The 
quartz  spectrograph  was  a  Hilger  size  C,  giving  a  spectrum  from  2100 
to  8000  Angstrom  units  19  cm.  long.  The  focal  plane  of  the  spec- 
trograph formed  an  acute  angle  of  about  30°  with  the  light  path. 
For  most  of  the  work  the  condensed  iron  spark  was  used  as  an 
ultra-violet  source.  It  was  placed  10  cm.  from  the  entrance  sUt 
of  the  spectrograph.  It  was  operated  by  a  10  kilowatt  closed  circuit 
transformer  using  110  volts  alternating  current  on  the  primary.  The 
secondary  voltage  was  about  10,000.  The  condensers  had  a  capacity 
of  0.05  microfarad.  The  entiance  slit  of  the  spectrograph  was 
opened  to  1.5  mm.,  a  width  such  that  the  individual  lines  of  the  iron 
spark  were  spread  out  into  bands  of  the  same  width  in  projection 
as  the  quartz  capillary.  This  produced  an  overlapping  of  the  lines, 
giving  the  effect  of  a  continuous  spectrum.  As  a  result  any  setting 
involved  an  exposure  to  a  wave-length  interval  15  to  40  Angstrom 
units  long.  Fig.  1  reproduces  a  photograph  of  the  iron  spark  spec- 
trum, the  upper  band  being  the  spectrum  with  a  narrow  slit,  and  the 
lower,  the  spectrum  as  used  with  a  wide  slit.  .  The  figure  gives  some 
information  as  to  the  relative  intensity  of  light  at  different  wave- 
lengths. 

My  data  give  the  approximate  wave-length  range  of  the  light 
falHng  on  the  quartz  capillary  for  each  setting.  These  wave-lengths 
were  determined  by  measurements  with  a  wave-length  scale  on  photo- 
graphs of  the  spark  spectrum,  the  rack  holding  the  capillaries  being 
graduated  to  correspond  with  the  wave-length  scale.  No  attempt 
is  made  to  give  wave-lengths  closer  than  to  within  5  Angstrom  units. 
The  data  are  computed  on  a  basis  of  controls  having  counts  of  100 
colonies  per  sq.  cm.  The  actual  controls  varied  from  10  to  800  per 
sq.  cm.,  usually  about  150.  When  the  controls  gave  more  than  1,000 
per  sq.  cm.  the  suspension  contained  so  many  organisms  that  some 
of  them  were  protected  from  the  light  by  being  in  the  shadow  of 
others. 
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OBSERVATIONS. 


Table  I  gives  the  data  for  10  and  5  minute  exposures   to   the 
iron  spark. 

TABLE  I, 

Exposures  to  the  Iron  Spark  of  10  and  5  Minutes^  Duration. 


Wave-length. 

10  min. 
exposures. 

5  min. 
exposures. 

Wave-length. 

10  min. 
exposures. 

5  min. 
exposures. 

A.u. 

Wbr20e5 

41* 

50 

73 
62 

A.u. 

2530-2560 
2540-2570 

0 

0 
3 

2195-2215 

8 

2550-2580 

0 

2205-2225 

11 

2560-2590 

0,0 

1 

2 

2235-2255 

25 

2580-2610 

0 

0 

2240-2260 

28 

50 

2600-2630 

0 

1 

4 

2250-2270 

65 

2610-2640 

0 

0 

2270-2290 

30 

2645-2675 

1 

9 

2280-2300 

26 

2650-2680 

1 

2 

1 

2290-2310 

2,22 

51 

2655-2685 

U,i| 

3^ 

2325-2350 

2h 

4 

2680-2715 

o,i 

2,,i 

2330-2355 

1 

14 

2700-2735 

0 

1 

2335-2360 

2h 

3 

2760-2795 

0 

2350-2375 

3i 

11 

2780-2815 

0 

-9,10 

2365-2390 

I 

n 

2785-2825 

1 

2385-2410 

0,^ 

0,  U,3 

2790-2830 

2 

5 

2405-2430 

1 
TIT 

u 

2795-2835 

u 

41 

2435-2460 

0 

2 

2845-2885 

7 

2455-2480 

1 

2h 

2850-2890 

16,  17,  20 

2485-2510 

0,0 

0,1,1 

2855-2895 

3,2i 

5,  n,  n 

2495-2525 

0 

1,1,2 

2875-2915 

7 

2500-2530 

0 

0 

2945-2985 

40,  45,  50 

2525-2555 

0 

1 

* 

*  In  the  tables  the  data  represent  typhoid  organisms  per  hundred  remaining 
ab"ve  after  the  given  exposure. 


It  is  to  be  noted  that  the  abiotic  effect  is  low  from  2100  to  2300. 
This  corresponds  to  a  portion  of  the  iron  spark  spectrum  of  relatively 
weak  intensity.  In  order  to  determine  the  nature  of  the  effect  in" 
this  region  exposures  were  made  to  the  copper  and  zinc  spark,  sources 
with  lines  of  about  equal  intensity  in  this  and  higher  regions  of  the 
spectrum.  Table  II  gives  the  results  of  these  exposures  and  shows 
that  the  effect  is  about  the  same  in  this  region  as  elsewhere. 
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Copper  spark. 

Zinc  spark. 

Wave-length.          10  min.  exposures. 

Wave-length. 

10  min.  exposures. 

S  min.  exposures. 

A.u. 

A.u. 

2130-2140 

57,22 

1990-2105 

1 

14 

2180-2195 

30,23 

2130-2145 

5 

21 

2205-2225 

30 

2190-2210 

37 

2235-2250 

32 

2250-2270 

37 

61 

2265-2290 

47 

2490-2530* 

1 

2295-2320 

79,81 

2545-2575* 

0 

2360-2385 

24 

2800-2840* 

2 

n 

2590-2620 

47,63 

,                2750-2785 

49 

*  Very  strong  lines. 

ERRATUM. 

On  page  844,  Vol.  XXVI,  No.  6,  December   1,  1917,  Table  I,  Column  1,  for 
'avc-lcngths,  Am.,  1990-2005  and  1995-2010,  read  2090-2105  and  2095-2110. 
On  page  845,  Table  II,  Column  3,   for  Wave-lengths,  A.u.,  1990-2105  read 
)90-2105. 


S-ifif 


2365-2390 
2385-2410 
2435-2460 
2530-2560 


1.5,  12,  16 

16,20 
13,  12^  12 
4,  2,  2,  U,  1 


2680-2715 
2850-2890 


1,  u,  i 

" 

22, 

20, 

21 

45, 

52, 

45 

From  Table  III  the  decrease  would  appear  to  begin  at  2700,  but 
at  this  point  the  iron  spark  spectrum  is  rather  weak.  At  2750  the 
spectrum  is  very  strong  and  here  exposures  corresponded  with  those 
made  at  2600,  also  a  relatively  strong  place  in  the  spectrum.    The 
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iron  spark  spectrum  is  slightly  weaker  below  2500  than  above  that 
point.  Below  2320  it  is  very  weak.  Above  2780  it  weakens  per- 
ceptibly. About  2870  corresponds  to  a  region  of  the  spectrum  equal 
in  intensity  to  the  2700  region.  At  2870  the  tables  show  a  decrease 
in  abiotic  activity.  This  decrease  when  corrected  for  the  weakness 
of  the  spectrum  amounts  to  a  fall  of  one-half.  The  last  appreciable 
abiotic  effect  occurs  somewhere  between  the  moderately  strong  2950 
and  2990  Unes.  In  this  region  the  intensity  is  about  the  same  as  at 
2700  and  2870.  At  2945  to  2985  exposures  for  10  minutes  averaged 
55  per  cent  killed,  for  20  minutes  81  per  cent  killed.  An  average  of 
eight  exposures  at  2990  to  3030  for  20  minutes  gave  no  mortahty. 
These  exposures  at  2945  to  2985  and  2990  to  3030  were  controlled 
for  evaporation  and  for  scattered  light.  Longer  exposures  were 
impracticable  because  of  the  increasing  influence  of  both  these  factors, 
particularly  the  former.  Complete  evaporation  of  the  contents  of 
the  capillary  occurring  in  about  40  minutes  will  completely  or  almost 
completely  kill  the  typhoid  organisms. 

In  order  to  limit  further  the  upper  end  of  the  abiotic  spectrum 
exposures  were  made  directly  before  the  iron  spark  but  behind  a 
piece  of  optical  glass  3  mm.  thick.  The  distance  from  the  spark  was 
4  cm.,  the  increase  in  energy  due  to  lessened  distances  alone  amount- 
ing to  256  times.  Besides  this,  the  whole  area  of  the  spark  was 
effective  rather  than  a  portion  corresponding  to  the  slit  area.  This 
introduced  another  factor  so  that  there  was  an  increase  of  about  one 
thousandfold.  The  glass  transmitted  no  Ught  below  3100;  above 
3300  it  was  almost  transparent.  These  exposures  of  5  and  10  minutes' 
length  had  no  effect  on  the  typhoid  organism.  The  terrestrial  sun's 
spectrum  ends  somewhere  near  2970.  Exposures  to  sunlight  of 
20  minutes'  duration  produced  no  effect. 

I,  therefore,  conclude  that  the  killing  power  of  ultra-violet  light 
begins  to  decrease  at  about  2800,  at  first  very  gradually,  reaches 
one-half  of  its  value  at  about  2870,  one-tenth  of  its  value  at  2950, 
and  less  than  one  one-hundredth  at  2990.  Text-fig.  1  gives  a  sketch 
of  the  probable  form  of  the  abiotic  curve.  As  far  as  I  can  judge  equal 
intensities  produced  equal  effects  in  the  region  2100  to  2800.  If 
there  is  a  maximum  in  this  region  it  is  at  the  most  only  slight  and 
would  be  in  the  neighborhood  of  2600. 
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The  relative  effect  of  much  shorter  exposures  is  shown  in  Table 
IV.  These  exposures  give  at  the  same  time  further  data  for  determin- 
ing the  relation  between  quantity  of  energy  and  per  cent  of  organisms 
killed.  This  relation,  most  likely  an  integral  of  the  probability  law, 
must  be  known  in  order  to  derive  from  the  tables  the  form  of  the 
abiotic  energy  curve  of  Text-fig.  1. 


ZWO         2200         2300,      2400         2500  2600 

WAVE-LEN6TH  —  ANG5TR0M  UNITS 


2700 


2800 


2900 


3000 


Text-Fig.  1.  Graph  representing  the  approximate  amount  of  abiotic  energy 
in  ultra-violet  h'ght  as  referred  to  the  typhoid  bacillus. 


TABLE  rv. 
Short  Exposures  to  the  Iron  Spark. 


Time. 

Wave-length. 

2385-2410  A.  u. 

2580-2610  A.  u. 

sec. 

60 

14,  16,  14,  12 

1,5,6 

50 

2 

40 

3,3,2 

30 

36,  24,  12 

5,4,5 

20 

11,7,8,4,  10 

15 

72,  50,  42 

10 

12,  25,  11,  12,  17,  40 

The  Wratten  and  Wainwright  panchromatic  plate  requires  an 
exposure  of  about  \  second  under  these  conditions.  At  2600  a  95 
per  cent  sterilization  of  a  Bacillus  typhosus  suspension  is  secured  in 
about  200  times  this  length  of  time.     The  typhoid  organism  there- 
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fore  compares  very  well  with  the  slow  silver  papers  in  degree  but  not 
in  range  of  sensitivity. 

In  similar  but  less  extensive  experiments  I  have  found  Staphy- 
lococcus aureus  to  behave  exactly  Uke  Bacillus  typhosus. 

CONCLUSIONS. 

Typhoid  bacilli  are  about  one  two-hundredth  as  sensitive  to  ultra- 
violet Ught  of  wave-lengths  2100  to  2800  Angstrom  units  as  is  the 
photographic  plate.  This  sensitivity  then  falls  off,  decreasing  rapidly 
to  almost  zero  sensitivity  at  about  2970,  the  beginning  of  the  sun's 
spectrum. 

I  wish  to  thank  Dr.  Paul  Lewis  for  suggestions  and  advice  in  the 
arrangement  of  the  experiments. 

EXPLANATION  OF  PLATE  66. 

Fig.  L  The  iron  spark  spectrum  between  2100  and  3200  Angstrom  units. 
The  upper  band  is  the  spectrum  with  a  narrow  slit,  the  lower  band,  the  spectrum 
with  a  wide  sHt  as  for  bacterial  exposures.  Below  2320  Angstrom  units  the 
faintness  of  the  spectrum  is  real.  Below  2200  the  increasing  faintness  is  due  to 
the  plate. 
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PLATE  66. 


(Newcomer:  Abiotic  action  of  ultra-violet  light.) 


CHANGES   IN   THE    PERIPHERAL    BLOOD    CONSEQUENT 

UPON  THE  DIVERSION  OF  THE  SPLENIC  BLOOD 

INTO  THE  GENERAL  CIRCULATION. 

By  WALTER  C.  BURKET,  M.D. 

{From  the  Surgical  Hunterian  Laboratory  of  the  Johns  Hopkins  University, 

Baltimore) 

Platk  67. 

(Received  for  publication,  July  30,  1917.) 

Studies  of  the  peripheral  circulation  after  Eck  fistula  in  dogs 
have  been  reported,  but  on  account  of  the  fact  that  by  diverting  the 
portal  blood  into  the  inferior  vena  cava  one  has  included  blood 
from  all  the  tributaries  of  the  portal  vein,  it  seemed  advisable  to 
make  a  thorough  and  careful  study  after  the  splenic  blood  alone 
had  been  thrown  into  the  general  circulation. 

HISTORICAL. 

A  review  of  the  literature  revealed  the  fact  that  numerous  investigators  had 
ittempted  to  discover  the  function  of  the  spleen  by  means  of  a  study  of  the 
splenic  circulation  itself.  Before  Eck,  in  1877,  devised  his  method  of  diverting 
the  portal  and  splenic  blood  into  the  general  circulation,  Dobson,  Warner,  Eagle, 
Hargrave,  and  others  had  advanced  various  theories  in  regard  to  the  function 
of  the  spleen  that  were  based  upon  the  distribution  of  the  splenic  circulation  as 
determined  by  anatomical  dissection  in  animals  and  in  human  cases.  Ecker 
and  Gerlach  studied  the  blood  corpuscles  in  relation  to  the  spleen.  And  in  1851 
Funke  made  physiological  and  chemical  experiments  upon  the  blood  of  the  splenic 
artery  and  vein.  Following  the  publication  of  the  experimental  method  and  the 
results  of  diverting  the  portal  circulation  into  the  inferior  vena  cava  by  Eck  in 
1877,  extensive  studies  have  been  made  on  animals  with  an  Eck  fistula.  That 
most  of  these  studies  were  physiological  and  chemical  is  evident  from  reading 
the  reports  of  Hahn,  Massen,  Nencki,  and  Pawlow,  Kotliar,  Hedon  and  Delezenne, 
de  Filippi,  Schupfer,  Magnanimi,  Salaskin  and  Zaleski,  Popelski,  Bielka  von 
Karltreu,  Tansini,  Rothberger  and  Winierberg,  Hawk,  Macleod,  Sweet  and 
Levene,  Voegtlin  and  Bernheim,  Towles  and  Voegtlin,  Matthews,  Fischler 
and  Kossow,  and  Whipple  and  Hooper.     A  niunber  of  different  methods  of  per- 
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forming  the  anastomosis  between  the  portal  vein  and  the  inferior  vena  cava, 
with  the  purpose  in  view  of  improving  the  operative  technique,  have  been  re- 
ported by  Pawlow  and  Massen  in  1893,  by  Queirolo  in  1895,  by  Sweet  and  Her- 
rick  in  1905,  by  Guleke  in  1906,  by  Fischler  and  Schroder  in  1909,  by  Bern- 
heim,  Romans,  and  Voegtlin  in  1910,  by  Frouin  and  Jeanne  in  1911,  by  Franke 
in  1912,  by  Jeger  and  Reschad  and  du  Bois-Reymond  in  1913,  and  by  Peet  in 
1914. 

A  study  of  the  peripheral  blood  after  Eck  fistula  was  made  by  Nassau  in  1914, 
who  concluded  from  his  investigation  that  the  blood  picture  of  dogs  with  Eck 
fistula  did  not  deviate  from  the  normal,  neither  did  the  tissue  intoxication  or  the 

TABLE  I. 


Red  blood 
count. 

White  blood 
count. 

Percentage  of  white  blood  count. 

Author. 

°  S 

M  a 

o.S 
to 

3 

a 

§23 

o  rt  <2 

.b^S 

.bga 

o  S 

PL, 

Ph 

S" 

per  cent 

per  cent 

per  cent 

Schittenhelm,   Weich- 

5,500,000- 

9,000-12,000 

63-77 

3-5 

17-25 

ardt,  and  Grissham- 

6,000,000 

mer. 

Kleineberger. 

7,225,000 

10,000 

77.3 

4.2 

8.6* 
7. Of 

Nassau. 

5,400,000- 
7,300,000 

5,000-13,400 

63-79  (72) 

3.5-10 

13-25.5(18)* 
2.67-6.6  (5. 2)t 

Musser  and  Krum- 

4,630,000- 

15,923 

66 

5 

22* 

bhaar. 

7,760,000 

6. St 

*  Small  mononuclears, 
t  Large  mononuclears. 
X  Large  mononuclears  and  transitionals. 


anaphylactic  reaction.  In  dogs  with  Eck  fistula  he  was  unable  after  repeated  in- 
jections of  albumin  to  demonstrate  the  classical  blood  picture  of  anaphylactic 
shock.  Also  dogs  with  Eck  fistula  and  ligation  of  the  common  bile  duct  became 
jaundiced  and  died  after  a  short  time  in  the  course  of  the  jaundice,  and  the  red 
blood  cell  count  dropped  within  2  to  6  days  approximately  to  two  million  cells. 
And  finally,  the  resistance  of  the  red  blood  cells  of  Eck  fistula  dogs  against  hypo- 
tonic common  salt  solution  was  unchanged.  Table  I  shows  the  normal  blood 
count  of  dogs  as  determined  by  Nassau  and  others. 

There  was  also  quite  a  variation  in  the  blood  counts  of  normal  dogs,  as  was 
given  in  the  reports  of  observations  by  Busch  and  Van  Bergen,  Dawson,  Goodall, 
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Biedel  and  Decastella,  Tallquist  and  Reckzch.'  Il  was  therefore  evident  that 
the  most  accurate  method  to  employ  in  order  to  avoid  this  great  variation  in 
animals  would  be  to  determine  the  control  blood  counts  of  each  dog  that  was 
studied. 

A  search  through  the  literature  revealed  only  one  instance  in  which  a  study 
of  the  peripheral  circulation  after  the  splenic  blood  alone  had  been  diverted 
into  the  general  circulation  is  given;  and  the  authors,  Krumbhaar,  Musser,  and 
Peet,  reported  difficulty  in  doing  the  anastomosis  between  the  splenic  vein  and  the 
inferior  vena  cava.  Following  the  operation  they  noted  an  immediate  poly- 
morphonuclear leukocytosis  and  transitional  rise,  which  was  prolonged  by  a 
more  persistent  lymphocytosis  and  eosinophil ia,  as  in  splenectomized  animals; 
also  a  moderate  anemia  and  slight  increased  resistance  of  the  red  blood  cells  to 
hypotonic  salt  solution;  a  postoperative  loss  of  weight  followed  by  an  increased 
weight,  as  in  splenectomized  animals;  abdominal  adhesions  and  perisplenitis; 
and  the  urine  free  from  bile.  ' 

EXPERIMENTAL. 

Because  of  the  rather  uniform  results  obtained  in  the  five  large 
dogs  that  were  studied  and  the  simple  method  that  was  used  to  di- 
vert the  splenic  blood  into  the  general  circulation,  it  seemed  advisable 
to  report  the  following  experiments.  The  method  employed  in  the 
present  problem  consisted  in  the  study  of  five  dogs  over  a  sufficiently 
long  period  before  operation  in  order  to  establish  accurate  controls 
for  each  dog;  and  after  the  splenic  blood  had  been  diverted  into  the 
general  circulation  this  study  was  repeated  over  a  period  varying 
from  1  to  4  months'  duration  in  the  different  animals.  In  addition, 
2  weeks  before  the  end  of  the  experiment  the  dogs  were  vitally  stained 
to  a  maximum  with  trypan  blue,  and  finally  they  were  killed  in  order 
to  determine  the  gross  and  histological  findings. 

At  the  time  of  operation,  with  the  animals  under  ether  anesthesia, 
the  spleen  was  first  measured  through  a  left  rectus  incision  and  a 
small  histological  control  section  removed.  After  the  splenic  and  the 
left  renal  vein  had  been  dissected  out,  and  the  common  trunk  of  the 
splenic  vein  had  been  divided  between  double  ligatures,  a  lateral 
anastomosis  was  made  between  the  renal  and  splenic  veins,  using  fine 
beaded  black  silk,  oil  technique,  and  a  Peet  three-bladed,  spring- 
jawed  blood  vessel  clamp;  and  lastly,  all  possible  collateral  circulation 

^  These  authors  are  quoted  by  Musser  and  Krumbhaar  in  their  article  on  studies 
of  the  blood  of  normal  dogs  (1914-16). 
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with  the  spleen  was  divided,  especially  the  communicating  branches 
between  the  spleen  and  the  stomach  (Fig.  1). 

The  animals  recovered  rapidly  from  operation  and  the  wounds 
healed  by  first  intention  in  every  case.  The  dogs  kept  in  splendid 
general  condition  throughout  the  experiment  and  several  of  them 
were  operated  upon  a  second  and  a  third  time  in  order  to  verify  intra- 

TABLE    II. 
General  Blood  and  Weight  Table  of  Dog  1* 


Average  of  two 

Average  of  two 

Hemoglobin 

iir^'     Li 

Date. 

white  blood  counts. 

red  blood  counts. 

(Sahli). 

weigiit. 

1917 

per  cent 

lbs. 

Apr.  11 

17,180 

8,424,000 

83 

31f 

"      12 

14,700 

8,228,000 

86 

m 

"      13 

16,100 

7,856,000 

87 

3U 

"      21 

Date  of  opera- 
tion. 

"      22 

45,200 

8,644,000 

93 

281 

"      23 

36,900 

7,812,000 

83 

281 

"      24 

30,540 

7,952,000 

83 

29 

"      25' 

31,460 

7,908,000 

86 

291 

"     26 

21,720 

8,164,000 

81 

29 

"     27 

19,220 

8,084,000 

89 

29| 

"     28 

33,480 

8,000,000 

90 

28 

"     30 

27,070 

8,384,000 

87 

28i 

May     2 

24,560 

7,748,000 

84 

28 

"       4 

25,980 

7,864,000 

78 

ni 

"       7 

22,580 

7,890,000 

79 

28 

"        9 

15,120 

7,644,000 

91 

m 

"      11 

19,020 

7,921,000 

83 

271 

"      14 

20,340 

7,196,000 

85 

28 

"      19 

16,040 

7,616,000 

86 

30i 

"      21 

16,960 

7,732,000 

83 

30 

*  See  Text-fig.  1  for  graphic  chart. 


abdominal  conditions,  with  the  result  that  no  collateral  circulation 
and  no  intraabdominal  adhesions  were  found,  and  the  anastomosis 
was  working.  Fig.  1  clearly  shows  the  anatomical  arrangement  and 
the  final  operative  result  which  occurred  in  every  instance.  Aside 
from  a  moderate  temporary  loss  of  weight  after  operation,  nothing 
unusual  was  noted  in  the  condition  or  actions  of  the  animals  at  any 
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time.     The  animals  were  never  jaundiced  and  the  urine  and  stools 
were  negative. 

Tables  II  to  V  and  Text-figs.  1  to  4  show  most  clearly  and  briefly 
the  general  condition  of  the  animals  and  the  changes  in  the  peripheral 
blood.  Because  of  lack  of  space  and  also  since  all  the  animals  showed 
essentially  the  same  changes,  only  a  few  tables  and  charts  from  two 

TABLE    III. 
General  Blood  and  WeiglU  Table  of  Dog  2* 


Date. 

Average  of  two 

Average  of  two 

Hemoglobin 

Weight. 

white  blood  counts. 

red  blood  counts. 

(Sahli). 

1917 

per  cent 

Ibi. 

Mar.    2 

16,580 

7,620,000 

88 

281 

"       3 

18,790 

7,300,000 

80 

28i 

"       4 

19,800 

7,204,000 

80 

27^ 

"      16 

Date  of  opera- 
tion. 

"     17 

28,580 

7,072,000 

75 

271 

"      18 

27,420 

6,768,000 

70 

26^<f 

"      19 

22,240 

7,252,000 

73 

25i 

"      20 

18,060 

6,732,000 

78 

251 

"     21 

14,080 

6,784,000 

83 

27i 

"      23 

15,760 

6,280,000 

72 

261 

"      26 

10,100 

6,632,000 

76 

25f 

"      30 

10,760 

7,533,000 

82 

27i 

Apr.     2 

12,820 

7,320,000 

82 

261 

«        9 

12,060 

8,115,000 

84 

26f 

"      16 

9,000 

7,956,000. 

80 

251 

"      23 

11,850 

7,556,000 

90 

26i 

"     30 

11,700 

7,480,000 

88 

26f 

May    7 

12,000 

7,636,000 

90 

26f 

"      14 

12,080 

7,144,000 

89 

26f 

"     21 

11,460 

7,440,000 

86 

261 

See  Text-fig,  3  for  graphic  chart. 


dogs  are  included  in  the  present  article.  There  was  an  immicdiate 
high  postoperative  rise  of  leukocytes  without  any  especial  change 
in  the  hemoglobin  or  the  red  blood  cells,  which  had  a  normal  appear- 
ance in  fresh  blood  films.  The  white  blood  cells  seemed  to  react 
more  acutely  and  sensitively  than  one  would  have  expected,  in  an 
uninfected  wound,  and  out  of  all  proportion  to  the  splendid  post- 


TABLE   rV. 


Average  Daily  Differential  Percentage  White  Blood  Count  Based  upon  Three  Differ- 
ential Counts  of  250  Cells  Each. 


Date. 


3  O 

3  O 

3  O 

3 

3 

Q  h 

a  a 

a 

zz 

ja  o 

o 

a 

a 

o 

-c 

o       ^ 

a  csra 

aS:3 

p.  u 

1- 

0)  d 

0.^2 

c 

"5  u  o. 

•3"o- 

S  "-> 

a  <u 

'S 

&( 

CL, 

A< 

in 

h-) 

H 

t> 

Dog  1.* 


1917 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

Apr.  11 

51.33 

0.53 

21.6 

18.13 

1.73 

3.46 

0.26 

2.93 

"      12 

52,00 

0.4 

20.53 

20.4 

1.46 

4.13 

0.26 

0.26 

"      13 

43.06 

0.53 

24.4 

19.73 

1.73 

3.73 

0.4 

6.4 

"     21 

Date  of 
opera- 
tion. 

"     22 

90.33 

0.0 

0.53 

4.53 

0.4 

3.6 

0.0 

0.53 

"     23 

61.13 

0.07 

21.33 

10.27 

0.4 

5.73 

0.07 

2.27 

"     24 

61.25 

0.0 

17.5 

8.8 

1.4 

9.2 

0.1 

1.1 

"     25 

54.0 

0.0 

18.3 

15.1 

1.9 

9.7 

0.1 

0.9 

"     26 

47.2 

0.1 

20.2 

18.9 

2.3 

9.8 

0.1 

1.4 

"     27 

47.10 

0.0 

13.7 

14.9 

2.5 

10.0 

0.3 

5.3 

"     28 

52.90 

0.0 

17.0 

17.6 

1.5 

9.9 

0.1 

2.1 

"     30 

56.2 

0.2 

11.8 

16.1 

1.8 

8.5 

0.1 

1.9 

May    2 

61.90 

0.1 

8.6 

13.7 

2.8 

8.2 

0.1 

4.6 

"       4 

57.3 

0.0 

9.8 

21.0 

2.7 

8.4 

0.2 

0.5 

"       7 

64.53 

0.0 

7.3 

19.07 

0.8 

6.53 

0.0 

1.73 

"       9 

44.0 

0.0 

19.73 

29.2 

1.83 

7.6 

0.0 

0.93 

"      11 

49.2 

0.0 

20.27 

23.47 

1.2 

5.3 

0.13 

0.4 

"      14 

52.53 

0.0 

20.43 

18.47 

0.93 

6.27 

0.0 

1.3 

"      19 

50.53 

0.0 

21.3 

20.53 

1.2 

5.47 

0.0 

0.93 

"      21 

53.53 

0.0 

17.2 

21.07 

1.2 

6.13 

0.0 

0.53 

Dog  2.t 


Mar.    2 

57.1 

0.1 

17.5 

13.9 

2.3 

5.9 

0.3 

2.9 

"       3 

63 .  73 

0.13 

9.33 

17.86 

2.4 

5.2 

0.26 

1.2 

"       4 

64.0 

0.0 

18.4 

11.46 

0.93 

3.86 

0.13 

1.2 

"      16 

Date  of 
opera- 
tion. 

u     j7 

88.93 

0.0 

1.6 

2.8 

1.06 

3.6 

0.0 

2.0 

"      18 

78.4 

0.13 

7.73 

6.93 

0.93 

6.93 

0.26 

2.0 

"     19 

71.2 

0.13 

8.93 

8.4 

0.53 

9.6 

0.13 

1.06 

"     20 

64.4 

0.0 

16.6 

3.8 

0.9 

12.4 

0.0 

1.73 

"     21 

56.6 

0.0 

13.6 

9.86 

1.33 

14.53 

0.13 

3.86 

"     23 

64.26 

0.0 

10.26 

7.2 

0.93 

14.00 

0.0 

3.33 

"     26 

52.4 

0.0 

7.83 

17.46 

2.8 

16.8 

0.13 

2.53 

"     30 

56.8 

0.0 

9.6 

15.33 

2.66 

12.93 

0.26 

2.93 

Apr.     2 

48.26 

0.0 

16.4 

18.00 

2.4 

11.83 

0.53 

2.53 

"       9 

58.4 

0.26 

20.53 

28.53 

2.66 

11.6 

0.0 

1.33 

"      16 

42.73 

0.13 

21.06 

19.73 

2.0 

12.4 

0.13 

2.13 

"     23 

40.8 

0.4 

28.3 

16.8 

2.26 

9.86 

0.26 

0.93 

"     30 

41.46 

0.4 

28.4 

14.26 

2.8 

10.66 

0.1 

1.86 

May    7 

41.06 

0.0 

23.6 

19,6 

1.6 

9.33 

0.0 

1.46 

"      14 

44.4 

0.0 

24.4 

18.8 

2.53 

8.93 

0.13 

0.8 

"     21 

49.6 

0.0 

26.93 

13.73 

1.6 

7.3 

0.0 

0.8 

*  See  Text-fig.  2  for  graphic  chart, 
t  See  Text-fig.  4  for  graphic  chart. 
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operative  condition  of  the  animals.  The  percentage  differential 
white  blood  counts  demonstrated  that  the  great  increase  in  leuko- 
cytes was  due  to  the  polymorphonuclear  neutrophils,  which  com- 
posed 88  to  95  per  cent  of  the  total  number  of  cells,  and  that  came 
down  to  their  preoperative  percentage  within  from  2  to  7  days.  But 
the  most  notable  change  in  the  peripheral  blood  was  in  the  transitional 
white  blood  cells,  which  were  immediately  increased  after  operation, 
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Text-Fig.  1.  General  blood  and  weight  chart  of  Dog  1  (Table  II). 


although  they  did  not  reach  their  maximum  number  until  after  3  to  5 
days.  These  cells,  which  were  characterized  by  a  large  horseshoe- 
shaped  nucleus,  remained  increased  in  number  over  months,  and  only 
very  slowly  approached  their  preoperative  number,  a  fact  which  was 
probably  accounted  for  by  a  gradual  readjustment  and  decreased 
production  to  meet  a  lessened  need  in  the  peripheral  circulation,  al- 
though these  transitional  cells  never  did  return  quite  to  the  preopera- 
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tive  percentage  during  the  course  of  the  experiment.  In  several  of  the 
animals  there  was  an  immediate  increase  in  the  large  mononuclear  cells 
and  so  called  smudges,  which  were  probably  either  large  mononuclear 
or  transitional  cells.  The  small  mononuclear  cells  and  the  eosino- 
phils were  relatively  decreased  immediately  after  operation,  but  sub- 
sequently gradually  increased  to  their  preoperative  percentage.  In 
three  animals  there  was  a  late  rise  of  small  mononuclear  and  eosino- 
philic cells  with  a  relative  decrease  in  the  polymorphonuclear  neutro- 
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phils,  and  in  one  dog  there  was  a  late  increase  of  small  mononuclear 
cells  alone.  Naegeli  gives  drawings  of  the  various  types  of  blood  cells. 
After  periods  varying  in  duration  from  1  to  4  months,  subsequent 
to  the  first  operation,  the  animals  were  killed  in  order  to  verify  the 
splenorenal  anastomosis  and  to  note  any  pathological  changes.  The 
dogs  were  in  splendid  general  condition,  well  nourished,  active  and 
healthy  looking,  and  the  tissues  were  well  stained  with  trypan  blue. 
The  following  procedures  were  carried  out  at  the  time  that  the  ani- 
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TABLE   V. 
Actual  Number  of  Various  White  Blood  Cells  Per  Cc. 
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mals  were  killed.     Under  ether  anesthesia,  the  spleen  was  measured 
and  found  to  be  either  the  same  size  or  slightly  larger  than  at  the 
first  operation.     After  the  splenic  and  renal  vessels  were  dissected 
out,  the  anastomosis  was  proved  to  be  working  in  every  case  by 
clamping  the  renal  vein  beyond  the  anastomosis,  which  caused  the 
spleen  to  swell.     A  probe  could  be  passed  through  the  anastomosis 
into  all  the  various  contributing  branches.     No  gross  changes  were 
evident  in  the  kidneys  or  renal  veins,  and  there  were  no  unusual  in- 
traabdominal adhesions  and  no  collateral  circulation  established  with 
the  spleen.     In  two  dogs  the  surface  of  the  spleen  was  smooth  and 
healthy  in  appearance.     In  three  instances  it  was  somewhat  grayish 
and  slightly  thickened.     The  consistency  of  the  spleen  seemed  to  be 
the  same  as  at  the  time  of  the  first  operation.     In  one  animal  the 
thyroid  was  about  twice  the  size  of  those  of  the  other  dogs.     In  two 
cases  the  thymus  was  large.     Otherwise,  there  were  no  gross  changes 
in  any  of  the  organs  or  tissues.     The  gall  bladder  was  always  full 
of  bile,  and  the  liver  seemed  to  be  of  usual  size  and  consistency.     In 
each  instance  the  portal  and  splenic  veins  were  tied  off  at  several 
places   while  filled  with  blood,  and  removed  for  histological  study. 
This  would  seem  to  offer  a  possible  method  of  studying  the  blood 
by  histological  sections. 

The  histological  study  of  control  sections  of  the  spleen  which 
were  removed  at  the  time  of  the  first  operation  showed  them  to  be 
similar  to  the  sections  that  were  removed  at  the  end  of  the  experi- 
ment, except  for  a  slight  active  congestion  in  the  later  specimens. 
This  active  congestion  was  the  result  of  the  method  of  testing  the  func- 
tion of  the  anastomosis  at  the  time  that  the  animals  were  killed,  and 
hence  had  nothing  to  do  with  the  experimental  results.  There  was  no 
increase  in  connective  tissue  and  the  Malpighian  corpuscles  appeared 
as  in  the  control  sections.  In  several  of  the  animals  the  cells  about  the 
portal  spaces  of  the  liver  stained  more  deeply  than  the  paler  cells  in 
the  rest  of  the  liver  lobules.  Otherwise,  no  changes  were  noted  in 
the  fiver.  Considerable  pigment  was  scattered  throughout  the  lung 
tissue  as  has  been  frequently  observed  in  city-bred  dogs.  A  routine 
examination  of  histological  sections  of  all  the  remaining  tissues  and 
organs  demonstrated  no  noteworthy  changes.     Special  histological 
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studies  which  will  be  reported  upon  in  a  subsequent  article  are  now 
being  made  upon  the  vitally  stained  spleen  and  other  tissues. 
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SUMMARY. 


1.  The  principal  change  in  the  peripheral  blood  consisted  in  the 
prolonged  increase  in  number  of  the  transitional  white  blood  cells, 
an  active  brief  stimulation  of  the  polymorphonuclear  neutrophils, 
which  were  later  relatively  decreased  in  number  in  four  cases,  in 
three  dogs  a  late  rise  in  number  of  the  mononuclear  and  eosinophilic 
cells,  and  in  one  dog  of  mononuclear  cells  alone. 

2.  The  normally  high  differential  percentage  count  of  polymorpho- 
nuclear eosinophils  in  dogs  would  be  expected  on  account  of  the 
numerous  parasitic  infections  which  they  usually  have. 

3.  The  splenorenal  venous  anastomosis  offered  a  simple  and  sat- 
isfactory method  of  diverting  the  splenic  blood  into  the  general 
circulation  because  it  was  easy  and  produced  no  gross  abnormal  intra- 
abdominal changes,  and  the  vessels  normally  lay  parallel  to  each  other 
and  were  readily  approximated  without  tension. 

4.  The  operation  was  successful  in  every  case. 

5.  The  animals  did  very  well  after  operation  and  were  healthy  and 
active. 

6.  No  noteworthy  histological  changes  were  observed  in  any  of  the 
organs  or  tissues. 

7.  There  was  no  essential  change  in  bile  production  that  could  be 
detected  by  jaundice. 

8.  The  urine  and  stools  showed  no  changes. 

Finally,  I  wish  to  express  my  appreciation  to  Dr.  EmU  Goetsch 
of  the  Johns  Hopkins  University  for  his  assistance  and  interest. 
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EXPLANATION  OF  PLATE  67. 

Fig.  1.  The  splenorenal  venous  anastomosis  as  it  appeared  at  the  end  of 
the  experiment.  The  common  splenic  vein  was  div-ided;  the  gastrosplenic 
veins  were  also  divided. 
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PLATE  67. 


Fig.   1. 


(Burket:  Diversion  ol  the  spleaic  blood.) 


IDENTITY  OF  THE  TOXINS  OF  DIFFERENT  STRAINS  OF 

BACILLUS  WELCHII  AND  FACTORS  INFLUENCING 

THEIR  PRODUCTION  IN  VITRO, 

By  CARROLL  G.  BULL,  M.D.,  and  IDA  W.  PRITCHETT. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  1,  1917.) 

It  has  been  reported  in  an  earlier  publication^  that  under  suitable 
cultural  conditions  Bacillus  welchii  produces  an  exotoxin  which  is 
comparable  in  its  physical  and  biological  properties  with  diphtheria 
and  tetanus  toxins.  The  original  study  was  limited  to  five  strains 
of  the  organism,  all  of  which  yielded  toxins  which  were  qualitatively 
identical  although  differing  quantitatively.  The  identity  of  the 
various  toxins  was  determined  by  the  observation  that  an  antitoxiu 
produced  with  a  toxin  from  any  strain  neutralized  the  toxins  from 
all  the  other  strains.  Moreover,  it  was  found  that  such  a  monovalent 
antitoxin  would  protect  against  and  control  infections  with  any  of 
the  strains  included  in  the  study.  The  small  number  of  strains  studied 
and  the  closely  related  sources  of  four  of  the  five  made  it  desirable 
to  extend  the  experiments  before  concluding  that  all  strains  of  Bacillus 
welchii  produce  the  same  toxin.  From  the  standpoint  of  develop- 
ing a  specific  therapy,  it  was  essential  to  know  whether  one  toxin  is 
common  to  all  strains,  regardless  of  their  origin.  To  ascertain  this, 
twenty-two  other  strains  have  been  collected  from  widely  different 
sources  and  studied  with  reference  to  the  identity  of  their  toxins. 

Source  of  the  Strains. 

Two  of  the  new  strains  were  part  of  the  cultures  isolated  during 
the  summer  of  1916  on  the  Western  Battle  Front  by  Dr.  J.  P.  Simonds 
of  Chicago.  Four  strains  w^re  obtained  from  the  Pasteur  Institute 
through  the  kindness  of  Dr.  Carrel.  Dr.  Carrel  also  brought  us 
necrotic  tissue  from  two  cases  of  severe  gaseous  gangrene,  from  which 

1  Bull,  C.  G.,  and  Pritchett,  I.  W.,  J.  Exp.  Med.,  1917,  xxvi,  119. 
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we  isolated  the  infecting  strains.  Two  strains  were  isolated  from 
cases  of  gaseous  gangrene  occurring  in  New  York  City.  Five  strains 
were  obtained  through  the  kindness  of  Dr.  F.  M.  Allen  from  spon- 
taneous gas  bacillus  infections  in  diabetic  dogs,  two  others  from  dog 
feces,  two  from  human  feces,  two  from  market  milk,  and  one  from 
garden  soil. 

All  the  strains  were  obtained  in  pure  culture  as  indicated  by  morpho- 
logical, cultural,  and  pathogenetic  properties,  and  each  strain  was 
tested  separately,  without  animal  passage,  for  artificial  toxin  pro- 
duction. 

Production  and  Identification  of  the  Toxins. 

Each  strain  was  grown  in  0,2  per  cent  glucose  muscle  broth  for 
20  hours  at  37°C.,  and  the  cultures  were  centrifuged  and  filtered. ^ 
The  filtrates  were  tested  for  toxicity  by  intramuscular  injection  in 
pigeons.  The  same  quantity  of  filtrate  that  was  used  in  the  toxicity 
tests  was  mixed  respectively  with  Bacillus  welchii  antitoxin  and  an 
equal  amount  of  normal  serum  of  the  same  animal.  The  mixtures 
were  incubated  for  30  minutes  at  37°C.  and  then  injected  into  the 
breast  muscles  of  pigeons.  The  degree  of  toxicity  of  the  filtrate  and 
of  the  serum-filtrate  mixtures  was  calculated  from  the  degree  of  the 
local  edema  and  necrosis  which  ensued  and  the  quantity  of  filtrate 
necessary  to  cause  death. 

The  procedure  described  established  the  fact  that  all  the  strains 
produced  toxins  which  were  indistinguishable  in  pathologic  effects 
from  those  produced  by  the  five  strains  described  in  our  first  publica- 
tion, and  that  an  antitoxin  made  with  toxin  from  one  of  the  former 
strains  completely  neutralized  the  toxins  from  all  the  new  strains. 
The  toxins  of  the  individual  members  of  the  series  exhibited,  however, 
a  wide  range  of  potency;  the  lethal  dose  for  pigeons  on  intramuscular 
inoculation  varied  from  0.3  cc.  to  3  cc.  The  lesions  and  toxic  effects 
were,  nevertheless,  of  the  same  quality.  The  toxin-producing  power 
of  the  less  active  strains  was  materially  increased  by  animal  passage, 
and  an  indication  was  obtained  that  a  direct  relation  between  in- 
fectiosity  and  toxin  production  exists.  However,  the  latter  point 
demands  a  more  systematic  stud}'  than  we  have  yet  been  able  to 
give  it. 
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To  summarize,  we  may  state  that  twenty-two  new  strains  of 
Bacillus  li'clchii  have  been  secured  from  widely  different  sources  and 
studied  with  regard  to  morphological,  cultural,  and  i)athogenetic 
properties  and  toxin  production.  They  have  by  these  means  been 
identified  as  typical  members  of  the  Bacillus  welchii  group  of  bacilli. 
Moreover,  each  strain  produced  a  toxin  which  was  qualitatively 
indistinguishable  in  physical  and  biological  properties  from  the 
toxins  produced  by  any  other  members  of  the  series,  although  the 
different  toxins  manifested  varying  degrees  of  potency. 

Up  to  the  present  time  we  have  studied  twenty-seven  strains  of 
Bacillus  welchii  from  widely  diflferent  sources  and  have  found  all  to 
produce  a  toxin  in  common. 

Factors  Influencing  the  Artificial  Production  of  Bacillus  welchii  Toxin. 

In  our  first  publication'^  the  following  method  was  given  for  obtaining  the  to.xin 
in  vitro:  To  plain  beef  infusion  broth  in  10  cc.  quantities  in  test-tubes  are  added 
several  fragments  of  sterile  skeletal  muscle  of  the  pigeon  or  rabbit.  The  tubes, 
having  been  proved  sterile,  are  inoculated  with  B.  welchii,  overlaid  with  paraffin 
oil,  and  enclosed  in  a  vacuum  jar  from  which  the  oxygen  is  then  exhausted. 
After  an  incubation  of  from  18  to  24  hours,  the  contents  of  the  culture  tubes  are 
centrifuged  and  the  fluid  portion  of  the  culture  is  passed  through  a  Berkefeld 
N  candle.  The  filtrate  contains  the  toxin.  It  was  stated  also  that  to  obtain  the 
most  potent  product  not  more  than  0.1  per  cent  glucose  should  be  present,  and 
that  the  incubation  should  not  exceed  24  hours. 

Since  then  we  have  been  able  to  carry  out  a  more  extensive  and 
systematic  investigation  of  the  influence  of  various  factors  on  arti- 
ficial toxin  production. 

Certain  technical  precautions  are  necessary  in  determining  the 
influence  of  difl'erent  factors  on  the  production  of  the  toxin  in  vitro 
in  order  to  eliminate  extraneous  influences.  In  the  first  place,  the 
culture  with  which  the  media  are  inoculated  must  be  controlled  with 
regard  to  age,  the  medium  in  which  it  is  grown,  and  the  number  of 
artificial  generations  since  animal  passage.  Then  the  different  lots 
of  medium  in  which  toxin  is  to  be  produced  for  the  purpose  of 
comparison  should  be  inoculated  simultaneously  and  with  the  same 
quantity  of  culture.  Errors  may  arise  in  the  process  of  collecting 
the  filtrates.     A  portion  of  the  toxin  is  always  held  back  by  the  filter- 
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ing  candles,  and  if  they  are  not  perfectly  clean  and  open,  a  large 
percentage  of  the  toxin  may  be  retained.  Under  the  best  conditions 
different  candles  seem  to  retain  different  amounts  of  toxin.  The 
following  procedure  has  been  followed  in  this  work:  A  good  toxin- 
producing  strain  (617  d,  Simonds)  was  used.  The  strain  was  of 
maximum  virulence  as  the  result  of  a  number  of  animal  (pigeon) 
passages.  A  pigeon  was  inoculated  with  an  acutely  lethal  dose  of 
the  culture  early  in  the  morning  of  the  day  preceding  the  beginning 
of  an  experiment.  Immediately  after  the  death  of  the  animal, 
usually  late  in  the  afternoon,  tubes  of  plain  beef  infusion  broth  were 
inoculated  with  small  fragments  of  the  infected  muscle  and  incubated 
at  37°  C.  over  night.  The  test  media  were  then  inoculated  with 
definite  quantities  of  the  bouillon  cultures,  exhausted  in  a  vacuum 
jar,  and  incubated  in  the  usual  way.  At  the  end  of  the  planned 
incubation  period,  the  contents  of  the  culture  tubes  were  centri- 
fuged  until  the  supernatant  fluid  was  free  of  soHd  matter.  The 
fluid  was  then  syphoned  off  and  filtered.  The  filters  were  proved  to 
be  open  by  testing  them  with  sterile  distilled  water  immediately 
before  use  and  were  recleaned  as  soon  as  there  was  evidence  of  ob- 
struction of  the  flow  of  the  fluid  through  them.  In  this  way  consistent 
results  were  obtained. 

In  order  to  test  the  potency  of  the  toxin,  three  different  quantities 
of  each  toxic  product  were  injected  into  the  breast  muscles  of  three 
pigeons  respectively.  The  degree  of  toxicity  was  estimated  from 
the  extent  of  the  edema  and  necrosis,  when  sublethal  amounts  were 
given,  and  from  the  minimal  lethal  dose.  In  a  number  of  instances, 
where  the  degree  of  toxicity  could  not  be  approximately  predicted, 
the  largest  quantities  given  did  not  cause  death  or  even  local 
lesions.  This  was  especially  true  of  the  filtrates  from  the  cultures 
containing  the  higher  percentages  of  glucose,  in  which  instances  only 
relative  values  were  obtained. 

Influence  of  Fresh  Muscle  and  Incubation  Time  on  the  Potency  of  the 

Toxin. 

We  had  observed  more  or  less  incidentally  that  the  most  potent 
filtrates  were  obtained  after  the  cultures  had  been  incubated  from 
18  to  24  hours,  and  that  an  extension  of  the  incubation  period  caused 


CARROLL   G.    BULL  AND   IDA  W.    PRITCHETT 


871 


a  decrease  in  toxicity;  but  the  rate  and  the  extent  of  the  decrease  in 
toxicity  as  the  incubation  time  is  prolonged  had  not  been  determined. 
It  was,  therefore,  considered  desirable  to  determine  more  accurately 
the  relation  between  incubation  time  and  toxicity.     With  this  end 


Text-Fig.  1.  The  media  were  sugar-free  broth  and  sugar-free  broth  to  which 
fresh  sterile  muscle  had  been  added.  The  tubes  were  inoculated,  freed  of  oxy- 
gen, and  incubated  in  the  usual  way.  The  two  products  are  designated  as 
sugar-free  toxin  and  sugar-free  muscle  toxin  respectively. 

All  the  text-figures  have  the  same  arrangement.  The  incubation  time  of  the 
different  specimens  of  filtrate  is  represented  on  the  ordinates,  while  the  smallest 
quantities  necessary  to  produce  local  lesions  and  death  are  represented  on  the 
abscissae.  The  heighjt  of  the  curves  from  the  base-line  represents,  therefore,  the 
degree  of  toxicity. 
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in  view,  a  variety  of  media,  consisting  of  various  kinds  of  beef  infusion, 
was  inoculated  with  cultures  of  Bacillus  welchii  and  the  filtrates 
were  collected  and  tested  at  different  intervals,  ranging  from  16 
hours  to  13  days. 


Day^s      1 


Text-Fig.  2.  The  media  were  plain  broth  and  plain  broth  to  which  sterile 
muscle  had  been  added.  The  filtrates  are  designated  as  plain  broth  toxin  and  as 
plain  muscle  broth  toxin. 


The  results  obtained  may  be  summarized  in  the  statement  that  the 
toxicity  of  the  filtrates  is  inversely  proportional  to  the  incubation 
time,  calculating  from  the  end  of  the  1st  day,  and  that  this  general 
relation  obtains  independently  of  the  nature  of  the  medium.     The 
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rapidity  of  the  decrease  in  toxicity,  however,  is  materially  influenced 
by  the  percentage  of  glucose  in  the  medium  and  the  presence  of  raw 
muscle.  The  results  are  presented  graphically  in  Text- figs.  1  to  5. 
From  Text-figs.  1  to  4  it  is  seen  that  the  toxicity  of  the  filtrates 
rapidly  diminishes  as  the  incubation  time  is  prolonged.     The  toxicity 


Day5     \ 


ec.  E 


Text-Fig.  3.  The  media,  0.5  per  cent  glucose  broth  and  0.5  per  cent  glucose 
broth  plus  muscle.  The  filtrates,  0.5  per  cent  glucose  toxin  and  0.5  per  cent 
glucose  muscle  toxin. 


was  in  every  instance  highest  at  the  end  of  the  1st  day's  incubation. 
On  the  3rd  day  there  was  a  material  decrease  in  toxicity,  especially 
in  the  case  of  the  filtrates  from  the  cultures  to  which  muscle  had  not 
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been  added.  A  composite  curve  of  the  filtrates  from  the  muscle 
medium  would  show  that  on  the  6th  day  the  toxicity  had  fallen  al- 
most 300  per  cent.  A  similar  curve  of  the  filtrates  from  the  non- 
muscle  medium  would  show  a  decrease  in  toxicity  of  400  per  cent. 
A  composite  curve  including  the  filtrates  from  both  kinds  of  media 
would  show  a  decrease  in  toxicity  of  about  1,300  per  cent  on  the  13th 

'DcLy3        1 
CC. 


Text-Fig.  4.  Media,  1  per  cent  glucose  broth  and  1  per  cent  glucose  broth 
plus  fresh  muscle.  Filtrates,  1  per  cent  glucose  toxin  and  1  per  cent  glucose 
muscle  toxin. 


day  of  incubation.  It  is  evident,  therefore,  that  prolonged  incubation 
brings  about  a  destruction  of  the  toxin  independently  of  the  nature 
of  the  medium,  and  the  most  potent  toxin  is  to  be  obtained  at  about 
the  end  of  the  1st  day's  incubation,  the  optimum  incubation  time 
varying  apparently  from  18  to  24  hours. 
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The  influence  of  the  muscle  upon  the  potency  of  the  filtrates  is 
very  apparent.  The  24  hour  muscle  medium  filtrates  were  in  each 
case  about  five  times  as  toxic  as  the  corresponding  non-muscle  filtrates. 
If  the  curves  had  been  based  on  killing  power  alone,  instead  of  on 
local  efl'ects  and  killing  power,  the  muscle  and  non-muscle  curves 
would  have  been  still  more  widely  separated.  The  toxins  formed  in 
the  muscle  medium  seem  to  have  a  killing  power  not  possessed  by 
the  non-muscle  products.  Moreover,  the  non-muscle  filtrates  lose 
toxicity  more  rapidly  as  the  incubation  time  is  prolonged  than  the 


Text-Fig.  5.  Media,  0.2  per  cent  glucose  broth  plus  fresh  muscle  and  0.2 
per  cent  glucose  broth  plus  autoclaved  muscle. 

muscle  filtrates  do.  The  influence  of  the  muscle  in  the  medium  is, 
however,  largely  a  quantitative  one.  From  Text-fig.  5  it  is  seen  that 
autoclaved  muscle  will  not  take  the  place  of  fresh  muscle. 

Glucose,  Acidity,  and  Toxicity. 

It  is  well  known  that  Bacillus  welchii  produces  acids,  chiefly  but>Tic, 
under  almost  any  condition  of  growth,  the  quantity  produced  de- 
pending largely  upon  the  amount  of  fermentable  sugars  present. 
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Acid  production  being  so  prominent  and  constant,  it  is  natural  that 
students  of  this  organism  should  have  given  special  attention  to 
that  property.  Thus,  McCampbelP  made  many  experiments  on  the 
toxic  effects  of  Bacillus  welchii  cultures  and  their  products  and  con- 
cluded that  the  acids  are  of  prime  importance.  This  conclusion  was 
based  on  the  observation  that  his  neutralized  cultural  products 
were  inactive,  and  that  butyric  acid  in  a  pure  state  produced  identical 
results  with  the  acid  bacillary  products.  Stewart  and  West^  also 
state  that  acid  by-products  are  responsible  for  all  the  pathologic 
effects  of  Bacillus  welchii  infections.  Wrighf  holds  similar  views 
and  has  offered  theoretical  explanations  of  the  way  in  which  the  acids 
operate  in  bringing  about  their  destructive  effects.  In  our  previous 
paper^  we  have  stated  that  neutralization  with  sodium  hydroxide 
did  not  materially  alter  the  pathologic  effects  of  the  cultural  products, 
and  there  was  no  direct  relation  between  acidity  and  toxicity.  Fur- 
ther observations  have  been  made  on  this  point,  and  the  results  are 
graphically  presented  in  Text-figs.  6  to  10. 

Fragments  of  fresh  rabbit  muscle  were  added  to  tubes  of  beef 
infusion  broth  containing  varying  percentages  of  glucose.  A  number 
of  tubes  of  each  kind  of  medium  was  inoculated  with  Bacillus  welchii, 
a  layer  of  oil  added,  and  the  culture  tubes  were  exhausted  in  a  vacuum 
jar  and  incubated  in  the  manner  already  described.  Filtrates  were 
collected  from  a  number  of  the  tubes  after  from  1  to  13  days'  incuba- 
tion and  tested  for  pathologic  effects  and  acidity  (Text-figs.  6  to  10). 

A  study  of  Text-figs.  6  to  10  discloses  the  fact  that  the  toxicity  of 
the  filtrates  is  independent  of  the  acidity.  The  toxic  potency  of  the 
filtrates  rapidly  diminishes  as  the  incubation  time  is  prolonged,  while 
the  acidity  increases  or  remains  constant.  In  one  instance.  Text- 
fig.  9,  there  was  a  decrease  of  1  per  cent  in  the  acidity,  but  the  toxin 
lost  II  of  its  potency.  When  the  acidity  is  high  the  filtrates  show 
very  slight  toxic  action.  Text-fig.  10  illustrates  this  point.  The 
acidity  was  6.8  per  cent  on  the  1st  day,  rose  to  8  per  cent  by  the 
3rd  day,  and  remained  constant  throughout  the  experiment.  The 
toxicity  curve  does  not  represent  the  actual  potency  of  the  filtrate, 

-  McCampbell,  E.  F.,  /.  Infect.  Dis.,  1909,  vi,  537. 

3  Stewart,  M.  W.,  and  West,  R.,  J.  Immunol.,  1916,  i,  189. 

^  Wright,  A.  E.,  Froc.  Roy.  Soc.  Med.,  1916-17,  x,  Occas.  Lect.,  1. 
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Text-Fig.  6.  iNIedium,  sugar-free  muscle  brolh. 
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Text-Fig.  7.  iMedium,  0.2  per  cent  glucose  muscle  broth. 
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Text-Fig.  8.  Medium,  0.5  per  cent  glucose  muscle  broth. 
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Text-Fig.  9.  Medium,  1  per  cent  glucose  muscle  broth. 
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since  the  quantities  used  for  the  animal  inoculations  were  not  suffi- 
7Z  to  cause  death  or  deanite  local  reactions,  the  curve  bemg  de 
veloped  from  the  largest  amounts  inoculated  at  the  various  penods. 
BelTnning  with  Text-fig.  6,  there  is  a  material  increase  m  acidity, 
whihefches  its  highest  point  in  Text-fig.  10,  while  the  toxicity  m- 
Irtsesu^n  Text-fig  9  is  reached,  where  an  abrupt  decrease  is  shown. 

De^^  1 
Acidity    Dose 
%       CC. 


Text-Fig.  10.  Medium,  3  per  cent  glucose  muscle  broth. 


-Text  figs  6  to  10  may  also  be  used  to  show  the  influence  of  glucose 
up^^  pr^uction'  The  glucose  content  of  the  — ^nged 
fL  0  to  3  per  cent.     Since  muscle  fragments  -^    f  ^^^^^^^^^^^ 
variety  of  medium,  the  percentage  of  sugar  was  m  each  case  higHe 


880  TOXINS   OF   STRAINS   OF   BACILLUS   WELCHII 

than  is  indicated.  It  is  seen  that  0.2  per  cent  glucose  causes  a  material 
increase  in  toxicity  (Text-figs.  6  and  7).  The  glucose  may  be  in- 
creased to  1  per  cent  without  greatly  influencing  the  potency  of  the 
product,  while  more  than  1  per  cent  has  a  deleterious  effect.  The 
influence  of  the  glucose  is,  in  all  probability,  non-specific,  merely 
leading  to  a  more  luxuriant  growth  of  the  bacilli.  As  a  routine  pro- 
cedure, a  0.2  or  0.3  per  cent  glucose  muscle  broth  is  used  for  toxin 
production. 

Review  of  the  Literature. 

In  our  first  publication  on  toxin  production  by  Bacillus  welchii 
only  brief  consideration  was  given  to  the  work  of  others  on  this 
subject.     We  propose  now  to  cover  the  ground  somewhat  more  fully. 

In  1904  Kamen^  reported  that  in  gas  bacillus  infections  in  man  death  occurs 
under  conditions  indicating  a  severe  intoxication.  He  showed  also  that  filtrates 
from  8  day  glucose  bouillon  cultures  of  the  gas  bacillus  contained  hemolytic 
substances  demonstrable  in  vitro.  On  the  other  hand,  10  cc.  of  the  same  filtrates 
caused  no  lesions  on  subcutaneous  injection  in  guinea  pigs.  The  author  con- 
cluded that  energetic  toxins  were  not  produced  in  cultures,  but  that  in  all  proba- 
bility powerful  toxins  were  produced  in  the  animal  body. 

Passini's®  publications  on  the  subject  appeared  in  1905.  He  employed  a 
special  medium  consisting  of  fresh  beef  muscle  digested  with  trypsin  and  sterilized 
in  live  steam;  to  this  glucose  was  added  to  1  per  cent  or  more  and  the  air  driven 
out  by  boiling;  or  the  medium  was  made  by  heating  the  meat -water  mixture  in 
an  autoclave  under  from  8  to  9  atmospheres  for  1  hour.  The  medium  was  then 
inoculated  with  the  bacilli  and  incubated  for  from  14  days  to  1  month  at  37°C. 
The  filtrates  from  the  cultures  were  found  to  be  toxic.  The  toxic  effects  were 
manifested  immediately  on  intravenous  and  intraperitoneal  inoculation.  When 
given  subcutaneously,  edema,  necrosis,  and  sloughing  followed.  The  toxic 
filtrates  resisted  heating  to  100°C.  for  15  minutes,  and  they  were  not  shown  to 
possess  antigenic  properties.  It  is  also  stated  that  the  filtrates  were  not  toxic 
if  less  than  1  per  cent  glucose  was  present. 

In  a  general  study  of  the  intestinal  flora,  Metchnikoff  gave  considerable  at- 
tention to  the  gas  bacillus.'  In  his  case  impure  cultures  were  evidently  used, 
since  the  medium  was  made  with  finely  chopped  beef  and  tap  water,  without  any 
attempt  at  subsecjuent  sterilization.     The  filtrates  from  the  cultures  were  found 


Kamen,  L.,  Centr.  Bakteriol.,  Ite  Aht.,  Orig.,  1904,  xxxv,  554. 
•"'  Passini,  F.,  Wien.  klin.  Woch.,  1905,  xviii,  921. 
'  Metchnikoff,  E.,  Ann.  Inst.  Pasteur,  1908,  xxii,  951. 
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to  be  toxic,  the  toxicity  being  greatest  after  from  2  to  5  days'  incubation.  A 
longer  incubation  period  caused  a  progressive  diminution  in  toxicity.  Healing 
to  10()°C.  did  not  reduce  the  potency  of  the  toxin  obtained;  moreover,  it  was  not 
tested  for  antigenic  properties. 

Schultze^  showed  that  the  disappearance  of  the  nuclei  in  the  organs  of  animals 
dying  of  gas  bacillus  infection  was  not  due  to  gas  formation,  and  he  inferred  that 
the  phenomenon  was  caused  by  chemical  toxic  substances  formed  by  the  bacilli. 

Korentchevsky,^  working  in  MetchnikofT's  laboratory,  found  that  filtrates 
from  bouillon  cultures  of  the  gas  bacillus  were  toxic  for  rabbits,  especially  young 
rabbits.  Symptoms  of  intoxication  appeared  in  from  1  to  3  hours  after  intra- 
venous and  intraperitoneal  injections.  The  chief  symptoms  were  dyspnea, 
convulsive  movements  of  the  head,  opisthotonos,  clonic  convulsions  of  the  ex- 
tremities, and  paralysis.  The  effects  of  intramuscular  and  subcutaneous  in- 
jections were  not  determined.  Rabbits  and  dogs  were  given  large  quantities 
(20  cc.)  of  the  filtrates  per  rectum  every  2nd  or  3rd  day  for  2\  weeks.  The  growth 
of  the  animals  was  arrested,  and  some  lost  weight.  Agglutinins,  precipitins, 
and  fixatins  were  found  in  the  sera  of  the  rabbits.  No  mention  is  made  of  the 
thermostability,  acidity,  or  antitoxin-producing  properties  of  the  filtrates. 

Klose^''  studied  135  cases  of  gas  phlegmon,  in  39  of  which  the  Frankel  gas 
bacillus  {B.  welchii)  was  present.  The  chief  symptom  in  the  cases  was  intoxica- 
tion. Toxic  substances  were  demonstrated  in  the  blood  sera  of  5  cases  of  gas 
phlegmon  in  man.  The  clinical  observations  apparently  led  to  the  experimental 
work. 

The  organism  used  in  the  animal  experiments  was  isolated  from  a  foudroyant 
case  of  gas  phlegmon  in  man.  Toxic  substances  were  demonstrated  in  the  sub- 
cutaneous exudates  occurring  in  infected  guinea  pigs  and  in  Berkefeld  filtrates 
from  5  per  cent  glucose  broth  cultures  at  the  end  of  14  days'  incubation.  Sub- 
cutaneous injections  in  guinea  pigs  gave  rise  to  edema,  discoloration,   falling  of 

^  Schultze,  W.  H.,  Virc/iotv's  Arch.  path.  Anat.,  1908,  cxciii,  419. 

^  Korentchevsky,  W.,  Ann.  Inst.  Pasteur,  1909,  xxiii,  91. 

^^  After  our  first  publication  on  B.  welchii  toxin  and  antitoxin  appeared,  our 
attention  was  called  to  an  abstract  in  the  Chemical  Abstracts,  July  20,  1917,  of 
an  article  by  F.  Klose  entitled:  "Ueber  Toxin-  und  Antitoxinversuche  mit  dem 
Frankelschen  Gasbrandbacillus."  This  abstract  was  made  by  Juhan  H.  Lewis 
from  an  abstract  which  appeared  in  the  Chem.  Zciitr.,  1916,  ii,  24.  The  original 
article  appeared  in  the  Miiiich.  med.  Woch.,  1916,  Ixiii,  723.  This  journal  could 
not  be  found  in  any  of  the  libraries  in  New  York  City  or  elsewhere  in  the  United 
States.  The  abstracts  contained  only  a  few  summary  statements  without  any 
experimental  details,  and  no  idea  of  the  nature  of  the  work  could  be  formed. 
The  original  article  has,  however,  recently  come  to  our  hands  through  the 
kindness  of  Dr.  J.  E.  J.  King,  who  returned  from  Germany  in  April  after  rupture 
of  diplomatic  relations  between  the  United  States  and  Germany.  Because  of 
this  accidental  circumstance,  it  is  possible  to  consider  the  work  here. 
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hair,  necrosis,  and  sloughing;  intraperitoneal  and  intravenous  injections  caused 
immediate  symptoms,  tremors,  failure  of  respiration,  and  death.  The  toxic  sub- 
stances were  quite  thermostable,  since  80°C.  for  1  hour  did  not  reduce  their  toxic 
eflfects.  A  horse  was  immunized  as  follows:  2,415  cc.  of  filtrate  from  5  day 
5  per  cent  glucose  broth  cultures  were  given  intravenously  during  17|  weeks 
and  after  a  rest  period  of  6  weeks,  1,780  cc.  of  filtrate  were  given  during  6§  weeks. 
The  immune  serum  protected  guinea  pigs  against  three  lethal  doses  of  bacilli; 
2  cc.  of  serum  were  injected  at  the  site  of  infection  24  hours  previously.  In- 
fections were  controlled  by  giving  the  immune  serum  2  hours  after  the  guinea 
pig  had  been  infected. 

We  have  made  repeated  attempts  to  produce  Bacillus  welchii 
toxin  artificially  according  to  Klose's  method.  The  filtrates  were 
collected  both  after  5  days'  and  14  days'  incubation.  Large  quanti- 
ties (5  cc.)  of  the  filtrates  failed  to  cause  death  or  necrosis  on  intra- 
muscular injection  in  guinea  pigs  and  pigeons.  There  vv^as,  in  some 
instances,  a  slight  tumefaction  of  the  tissues  at  the  point  of  inocula- 
tion. In  the  light  of  these  results  it  is  somewhat  difficult  to  explain 
the  pathologic  effects  of  Klose's  filtrates.  The  neutralization  and 
protection  experiments,  on  the  other  hand,  can  be  readily  explained 
by  the  fact,  observed  by  us,  that  a  certain  number  of  horses  possess 
natural  Bacillus  welchii  antitoxin.  Klose  did  not  determine  the  natural 
antitoxin  content  of  his  horse's  serum. 

The  work  of  Weinberg  and  Seguin^^  was  referred  to  in  our  first  publication. 
These  authors  made  numerous  reports  on  the  production  of  specific  antitoxic  sera 
for  the  bacillus  of  malignant  edema  {vibrion  septique)  and  for  B.  cedematiens 
(Weinberg).  They  reported  also  that  a  potent  specific  antibacterial  serum  had 
been  produced  by  immunizing  horses  with  living  cultures  of  B.  welchii  {B. 
perjringens).  Frequent  mention  is  made  of  a  B.  perfringcns  toxin,  but  nothing  is 
stated  concerning  its  preparation,  or  physical  or  biological  properties,  but  a 
definite  statement  is  made  that  it  has  not  been  found  possible  to  prejjare  an 
antitoxic  serum  for' the  organism.  Finally,  these  authors  have  recently  reported 
on  the  clinical  application  of  their  antimicrobial  serum^'  for  B.  perjringens  {B. 
welchii)  infection. 

SUMMARY. 

Twenty-two  additional  strains  of  Bacillus  welchii  have  been  col- 
lected from  widely  different  sources  and  tested  with  regard  to  toxin 

^^  Weinberg,  M.,  Proc.  Roy.  Soc.  Med.,  1916,  ix,  Occas.  Lect.,  119. 

'2  Weinberg,  M.,  and  Seguin,  P.,  Compt.  rend.  Acad.,  1917,  clxv,  199. 
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production.  P>ach  strain  produces  a  toxin  which,  on  animal  inocula- 
tion, gives  rise  to  lesions  comparable  in  every  respect  to  those  pro- 
duced by  the  toxins  previously  reported  on,'  and  each  toxin  was  neu- 
tralized by  an  immune  (antitoxic)  serum  produced  with  one  of  the 
former  toxins.  The  toxins  obtained  from  the  several  individual 
strains  varied  in  potency,  the  lethal  dose  ranging  from  0.3  to  3  cc. 

Experiments  have  been  made  to  determine  the  influence  of  fresh 
muscle  and  glucose  on  toxin  production  and  the  relation  of  acidity 
to  toxicity  in  the  filtrates.  It  has  been  found  that  the  addition  of 
fresh  muscle  to  the  medium  increases  the  potency  of  the  toxin  five- 
fold. Autoclaved  muscle  is  without  effect.  Beef  infusion  broth 
containing  0.2  to  1  per  cent  glucose  gives  a  more  potent  product 
than  sugar-free  broth,  while  when  higher  percentages  are  employed 
the  toxin  production  is  lowered.  There  is  no  direct  relation  between 
acidity  and  toxicity,  the  most  acid  products  manifesting  little  or  no 
toxic  action.  In  every  medium  used  for  culture  the  potency  of  the 
filtrates  rapidly  diminished  after  24  hours'  incubation,  while  the 
acidity  increased  or  remained  constant.  The  exception  to  this  rule 
has  been  pointed  out. 

The  most  active  toxin  is  obtained  by  growing  a  virulent  strain 
of  the  bacilli  in  a  0.2  or  0.3  per  cent  glucose  broth  to  which  fragments 
of  fresh  muscle  have  been  added ,  and  collecting  the  filtrate  after  from 
18  to  24  hours'  incubation. 

A  review  of  the  literature  on  the  pathogenic  effects  and  toxic 
products  of  Bacillus  welchii  and  on  the  results  of  immunization  of 
animals  with  the  bacilli  or  toxic  products  does  not  indicate  that  the 
exotoxic  nature  of  Bacillus  welchii  had  been  previously  determined 
or  an  antitoxic  serum  in  the  true  sense  produced. 

The  antitoxin  for  Bacillus  welchii  toxin  can  apparently  be  pre- 
pared from  a  single  strain  of  the  organism  which  yields  under  the 
conditions  described  a  high  titer  of  toxin,  and  this  antitoxin  can  be 
employed  to  combat  infection  with  or  prevent  infection  by  any 
strain  whatever  of  the  bacillus. 
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Antiblastic  (Blake)  563 
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method  (Stewart)  755 

J 

Jaundice : 

Hemolytic,  in  relation  to 
spleen  (Goto)         ,         795 

K 

Kidney: 

Nephropathic,  efficiency  of 
diuretics  in  (MacNider) 

19 

Reaction  to  diphtheria  toxin 
(Faber)  139 

L 
Lymph: 

Ferments  after  feeding  (Davis 
and  Petersen)  693 

—  during  protein  shock  re- 
actions (Davis  and  Peter- 
sen) 699 
Lymphocytes: 

Experimental  studies  upon 
(Pappenheimer)  163 

Immune  sera,  action  of,  upon 
(Pappenheimer)  163 

M 
Mathematical : 

Cicatrization,  new  mathematical 
expression  of  (de  Beaujeu) 

81 
Meningitis: 

Micrococcus     florens     causing 
meningitis  (Davison,  Dav- 
ison,  and   Miller)         779 
Metabolism: 

Sugar,  surviving  heart  and 
pancreas  in  (Clark)       721 


Metamorphosis : 

IJlood  platelets,  viscous  meta- 
morphosis of  (Wright  and 
Mi  not)  395 

Method: 

Anaerobic  (Smillie)  59 

Petroff's  cultural,  for  isola- 
tion of  tubercle  bacilli  from 
sputum  appHed  to  milk 
(Stewart)  755 

Pneumococcus  type  determina- 
tion (Blake)  67 

Micrococcus: 

florens  (Davison,  Davison, 
and  Miller)  779 

Milk: 

Petroff's  cultural  method  for 
isolation  of  tubercle  bacilli 
applied    to    (Stewart) 

755 
Mosquito: 

Acute  poliomyelitis  epidemi- 
ology, relation  to  (Noguchi 
and  Kudo)  49 

N 

Nephritis: 

Urea  retention  in   (McLean) 

181 
Nerve: 

Sensory,  effect  of  stimulation 
of,  on  rate  of  liberation  of 
epinephrin  from  adrenals 
(Stewart    and    Rogoff) 

637 
Neutralization: 

Antipneumococcus  immune 
bodies,  by  infected  exudates 
and  sera  (Cole)  453 

Nitrate: 

Uranium.  See  Uranium  ni- 
trate. 

O 

Obermeieri: 

Spirochata,  cultivation  (Plotz) 

37 
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Organism: 

Micrococcus  florcns  (Davison, 
Davison,  and  Miller) 

779 
Osmosis: 

Healing  of  wound,  influence 
of  osmotic  tension  of  dress- 
ing on  (Carrel,  duNouy, 
and  Carrel)  279 

Ovary: 

Follicle,  growth  under  normal 
and  pathological  conditions 
(Walsh)  245 


Pancreas: 

Pancreatic  juice  diverted  into 
stomach,  effect  upon 
(Grey)  825 

Sugar  metabolism,  surviving 
heart  and  pancreas  in 
(Clark)  721 

Pancreatic  juice: 

Diversion  from  duodenum  into 
stomach  (Grey)  825 

Paragonimus: 

westcrmanni,  pulmonary  dis- 
tomiasis  caused  by  (Naka- 
gawa)  297 

Passage: 

Hog-cholera  bacillus  'viru- 
lence increased  by^'(TEN- 
Broeck)  """     437 

Paste: 

Chloramine-T,  wound  sterih- 
zation  by  (Daufresne) 

91 

— , (Carrel        and 

Hartmann)  95 

Pathology : 

Ovarian  follicle  growth  under 
normal  and  pathological 
conditions  (Walsh) 

245 

Rat-bite  fever   (Kaneko   and 

Okuda)      .  363 


Petroff: 

Method  for  isolation  of 
tubercle  bacilli  from  sputum 
applied  to  milk  (Stewart) 

755 
Pigment: 

Bile,  influence  of  splenectomy 
and  blood  disintegration  on 
(Goto)  795 

Platelet: 

Blood,  viscous  metamorphosis 
(Wright  and   MixNOt) 

395 
Plethora: 

Effect  on  blood  production 
(Robertson)  221 

Pneumococcus: 

Specific  soluble  substance 
elaborated  during  growth 
(Dochez  and  Avery) 

477 
Types,  method  for  determina- 
tion (Blake)  67 
Pneumonia: 

Acidosis  and  acid  excretion 
(Palmer)  495 

Lobar  (Kline)  239 

— ,  epidemiology  (Stillman) 

513 
Poliomyelitis: 

Acute,  relation  of  mosquitoes 
and  flies  to  epidemiology 
of  (NoGucHi  and  Kudo) 

49 

Infection  following  carriage  of 

virus  (Taylor  and  Amoss) 

745 
Virus,  carriage   (Taylor  and 
Amoss)  745 

Prophylaxis: 

Antitoxin  for  Bacillus  welchii, 
prophylactic  properties  of 
(Bull)  603 

Protection: 

Bacillus  welchii,  protective  in- 
oculation against  (Bull  and 
Pritchett)  119 
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Protection — continued: 

Sodium  carbonate,  in  nephro- 
pathic  kidney  (MacNtder) 

19 
Protein: 

Shock  reactions,  lymph  and 
serum  ferments  during 
(Davis  and  Petersen) 

699 
Pulmonary: 

Distomiasis  (Nakagawa) 

297 

Edema,  adrenalin  (Auer  and 

Gates)  201 

Embolism  (Mann)  387 


Rat: 

SpirochxBta  icier  ohcBtnorr  ha  gice, 
rat  as  carrier  of  (Ido,  Hoki, 
Ito,  and  Want)  341 

Rat-bite  fever: 

Etiology        and        pathology 

(Kaneko  and  Okuda)  363 

Immunity    (Ido,    Ito,    Want, 

and  Okuda)  377 

Reaction: 

Protein  shock,  lymph  and 
serum  ferments  during 
(Davis  and  Petersen) 

699 
Regeneration: 

Blood,  in  relation  to  spleen 
(Goto)  795 

Reproduction: 

Tissues,  effect  of  alcohol  on 
(Arlitt  and  Wells) 

769 
Retention: 

Urea,  in  nephritis  (McLean) 

181 
Roentgen  ray: 

Bactericidal  fluorescence  ex- 
cited by   (Newcomer) 

657 
S 
Secretion: 

Intestinal,  toxicity  (Davis 
and     Stone)  687 


Serum: 

Ferments  after  feeding  (Davis 
and  Petersen)  693 

—  during    protein    shock    re- 
actions (Davis  and  Peter- 
sen) 699 
Immune,    action    on    lympho- 
cytes    and     small     thymus 
cells  (Pappeniieimer)      163 
Neutralization  of  antipneumo- 
coccus       immune        bodies 
(Cole)  453 
Pneumococcic,         production 
(Cole  and  Moore)         537 
Sheep: 

Staggers,  in  Patagonia  (Jones 
and  Arnold)  805 

Shock: 

Protein,  reactions,  lymph  and 
serum  ferments  during 
(Davis  and  Petersen) 

699 
Sodium : 

Carbonate  protection  in 
nephropathic  kidney  (Mac- 
Nider)  19 

Specificity: 

Soluble  substance,  specific, 
elaboration  by  pneumococ- 
cus  during  growth  (Dociiez 
and  Avery)  477 

Spinal  cord: 

Relation  to  spontaneous  libera- 
tion of  epinephrin  from 
adrenals  (Stewart  and 
Rogoff)  613 

Spirochaeta: 

icterohcBmorrhagice,       distribu- 
tion in  human    body    (Ka- 
neko and  Okuda)  325 
— ,  rat    as    carrier    of    (Ido, 
Hoki,  Ito,  and  Wani) 

341 
obermeieri  cultivation  (Plotz) 

37 

Spirochaetosis       icterohaemorrha- 
gica: 
See  Disease,  Weil's. 
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Spleen; 

Blood  destruction  and  re- 
generation in  relation  to 
(Goto)  795 

— ,  diversion  into  general  cir- 
culation (Burket) 

849 
Hemolytic   jaundice    in    rela- 
tion to  (Goto)  795 
Splenectomy: 

Bile  pigment,  influence  on 
(Goto)  795 

Sputum: 

Tubercle  bacilli  isolated  from, 
by  Petroff's  cultural  method 
(Stewart)  755 

Staggers: 

Sheep  in  Patagonia  with 
(Jones  and  Arnold) 

805 
Sterilization: 

Wound,  by  chloramine-T 
paste     (Daufresne) 

91 

— , (Carrel        and 

Hartmann)  95 

Stimulation: 

Sensory  nerve,  effect  on  rate 

of  liberation  of  epinephrin 

from     adrenals     (Stewart 

and   Rogoff)  637 

Stomach: 

Acidity,  effect  of  diversion  of 
pancreatic  juice  into  stom- 
ach upon  (Grey)  825 
Pancreatic  juice  diverted  from 
duodenum  into    (Grey) 

825 
Substance: 

Specific    soluble,     elaboration 

by     pneumococcus     during 

growth         (DocHEz         and 

Avery)  477 

Sugar: 

Metabolism,  surviving  heart 
and  pancreas  in  (Clark) 

721 


Tension: 

Osmotic,  of  dressing,  influence 
on  healing  of  wound  (Car- 
rel, DuNotJY,  and  Carrel) 

279 
Therapeutic: 

Properties  of  antitoxin  for 
Bacillus  welchii   (Bull) 

603 
Thymus: 

Cells,  action  of  immune  sera 
on    (Pappenheimer) 

163 
Tissue: 

Reproductive,  effect  of  alco- 
hol on  (Arlitt  and  Wells) 

769 
Toxicity: 

Intestinal  secretion  (Davis 
and  Stone)  687 

Uranium  nitrate,  in  relation 
to  age   (MacNider) 

1 
Toxin: 

Bacillus    welchii    (Bull    and 
Pritchett)  119 
,  identity  of  toxins  of  dif- 
ferent    strains     (Bull     and 
Pritchett)  867 

,  production  in  vitro  (Bull 

and  Pritchett)  867 

Diphtheria,  and    Bacillus  coli, 

glomerulonephritis  produced 

with    (Faber)  153 

— ,  reaction      of      kidney      to 

(Faber)  139 

Tubercle  bacillus: 

Isolation  from  sputum  and 
milk  by  Petroff's  cultural 
method  (Stewart)  755 

Tuberculosis: 

Apical,  of  adults  (Opie) 

263 
Bacillus.     See  Tubercle  bacil- 
lus. 
Focal,   of  children   (Opie) 

263 
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Type: 

Pneumococcus,     method     for 
determination    (Blake) 

67 

U 

Ultra-violet  light: 

Abiotic  action  (Newcomer) 

841 
Uranium: 

Nitrate  toxicity  in  relation  to 
age  (MacNider)  1 

Urea: 

Retention   in   nephritis    (Mc- 
Lean) 181 


Valve: 

Air  and  ether  vapor  delivery, 
regulation  of,  by  (Gates) 

41 
Vapor: 

Ether,   valve  to  regulate  de- 
livery of  air  and  (Gates) 

41 
Vegetable: 

Hemolysins    (Kritchevsky) 

669 
Virulence: 

Hog-cholera     bacillus     (Ten- 
Broeck)  437 

Virus: 

Poliomyelitis,    carriage    (Tay- 
lor and  Amoss)  745 

W 

Weil's  disease: 

1   See  Disease. 
Welchii: 

Bacillus,  antitoxin  for  (Bull) 

603 


Welchii: 

Bacillus,  antitoxin  for  (Bull 
and    Pritchett)  119 

— ,  identity  of  toxins  of  differ- 
ent strains  (Bull  and  Prit- 
chett) 867 

— ,  protective  inoculation  a- 
gainst  (Bull  and  Prit- 
chett) 119 

— ,  toxin  (Bull  and  Prit- 
chett) 119 

— ,  —  production  in  vitro  (Bull 
and  Pritchett)  867 

Westermanni: 

Paragonimus,  pulmonary  dis- 
tomiasis  caused  by  (Nak- 
agawa)  297 

Wound: 

Asepsis,  bacteriological  (Vin- 
cent) 83 

Cicatrization  (de  Beaujeu) 

81 

—  (Vincent)  83 

—  (Daufresne)  91 

—  (Carrel  and   Hartmann) 

95 

—  (Carrel,  du  Nouy  and 
Carrel)  279 

Osmotic  tension  of  dressing, 
influence  on  healing  of 
(Carrel,  duNouy,  and 
Carrel)  279 

Sterilization  by  chloramine-T 
paste  (Daufresne) 

91 

(Carrel  and 

Hartmann)  95 

X 

X-ray: 

See  Roentgen  ray. 
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